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(54) DEVICE AND METHOD FOR MEASURING BIOLOGICAL CONDITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately estimate central 



blood pressure by use of simple constitution and calculate a 
more accurate myocardial load index WP which corresponds to 
the actual myocardial load. 

SOLUTION: A microcomputer 4 can accurately estimate 
central blood pressure while simplifying its constitution, since it 
calculates an estimate of aortal origin blood pressure on the 
basis of a circulation kinetic parameter obtained by analyzing a 
pulse waveform output from a pulse wave detection device 1 . 
The microcomputer 4 detects the pulse rate of a living body 
and calculates a myocardial load index on the basis of the 
estimate of the aortal origin blood pressure and the detected 
pulse rate, and can therefore calculate an optimum myocardial 
load index under a wider range conditions than it can when 
calculating the aortal load index by use of peripheral blood 
pressure. 
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(57) [Sift] 

». £flH>«fMttfiitto. ^ttaiiaa#&a5jfiiJE©}tsfii 




{C£*»IWI^WIUft»*^rai«ttB-''«9 y - * £ 

irfe^*f^«. Mfa«ssMS^^-2*ma-r*cc 
m£. 

■c. 

K£. 
•c. 

m&m&&B<£m^xmfz&#<D<bm&*$iiii?z>b 
mffe7^M^^jfei£ comsfiiaa*mrf a^m o fc^tt^c 

&£. 

trea^f*©**®* & £ k, mia^f*©4>4gg|5^ e»5S«su 
«:s satiM^Msaiisi^^fc-r^iSiti^^ > - * £ 

•r -s s?tfT*i9:£ g&faflSRttsg^ ^ - # ccs-^^r wiria 



C2) f*H¥ 1 1 - 1 7 8 8 0 2 

2 

£#©*lfjJW^te3(5ifiiJ£©}feE<iI£S£aj-r SASMifufiiEE 

@m^i8£. 

&£. 

[ffl2}Og7] IM&9U. iS*J£f4fct,> 0833016 ©(,» 
■Tti*>K:lB^©^^iS'J^gK:fc ^x . 
10 fnrsaflgKSb^^-^UJ:. B3fa4JmSP-CCDja.?S*514«: 
.fcSjfiL^teta. jftug©tg1£. H?ia^Si5-C©jfiLlfffiK. 

Buta^tsas-ccDjfii^ottSitt^^tf. 
c £ znm £ -r &£#R<ss««5g3Sg. 

[3I3GS8] m&Bl. fi3c3S4ttl,>l,5it3jS«7©l,> 

X £ . i?f e^M©*65»14 (C*tl6T s iff 1 ©if^gfi 
20 £. ttFte^«S|5r<DjfDL«ffitak:^]E&-rS^2CDffi£t£. 

mfga^gB-r©ifii'gcott?itttc*ti&-r sifr 2 ©iigi 
^ts^fmoT. — ^cDA^j^ra«:f<riaf w 
K£UiBS i ©pm^a^iii^JiHiss^^^n. - 
**© ta^asmj] sen* test 2 ©ffr^gfiRtfiitriasii 2 ©a; 
K*^^cs^j[5i3§*s»A3ti.. mrfa^pi©#m^a© 
M^W£prtam*^£©faK:mifai^ 1 ©ffiStRont? 

CIS5jaS9] UJ^JSl. f«#:>14&l,»t/f»5fcgC8©<,> 
m^tcsatgWi^^S'J^Stcfct^-c. 

Mia^»cDi^i«Btria«)M^o^giJK:fc w -£.MjS-c& 

0. 

[ft*S 1 0 ] 1 . gf*^4 Ajrti L/tS*^8 <D 

c^-rn*Hctats©^ft:t«s§aijsiigK:*ji->-c. 
mifa^©t«i§«B«iaitjM*©^^a5«:*i w iiirc* 
0. 

BuiajfiUBEjfLtH^Stt. mriaS3SS)Si^-7> - ^ £mriaM 
i&©t>T<* £©tBMKi^c*-3i ( >r mriatiJai6S§-'> - ^ ^ 
so -^^s-r-5>c£*!|^£-r-2.^m^pj^s. 



3 

[areas 1 1 ] at^as i . areas4 oareas i o 
striae© i \Mmmm*&m? z i miettisi^a^g=& 

txtc 1 |51JafflS©lliS'Jffli ScTS «fc 5 tc, gifiEHiB 
tttt't 9 y - * ©«I «rSIM-r * C <!: £ ^ Z> 

[iijjag 1 2 ] at5jas 1 . HMOS 4 &(,» LSW8B 1 1 

©t, » -rn *> ccfiBis©*m*asiJSiiae«: *s t, > -c. 
ma -r s f±*f«sw^i8?: *tr s c £ fc^s £ r s 
[areas l 3 ] areas l . areas4 L-fireas l 2 

*»**ijj3ij-r s«a<*s*w u- tn&cxflSAmaemtu^ 
ill b fc-6«i«ecs-5i,>-c^SBm^Jg»«:#a-r SCi* 

[19*® 1 4 ] it*]® 1 3 IB*©^ttfcflSW5£3SB»c 

[areas i 5 ] ureas i . areas 4 &i» osreas i 2 

^ - * x& ssi^sissjss^-v tc*t-r sg:i»3s*s 
wwe ofc/t *y - *»wattswst±©»d«:. Mia 

s. 

[areas 1 6 ] stsjas 1 5 ia*8©£<*ttflsad5£sascc 

mB^ffimmscwtu^ix. srfiafusotcas-^-cwia 
ss&swuitWEgig^ jt - $^«i^7fe?ii©i©^ccBuia^ 

gtffl-r act «t r-s^flcKssacesaB. 

[areas 1 7 ] £&©*raiH5©J!ll!&^K:S^H»-eSl 



(3) 1 1 - 1 7 8 8 0 2 

4 

mnz±w<DVtm* tte. sosa^«©^ffiSP*' enrage 

KM*S&IR^©^SW& i &S**>-rflSKSfr&'< 5 > - * <fc 

m&wauM&^j' - * ecas-3c>TSirE*it©7«6iiRS 

10 ftrie^«T7"DH2x«, uriaaiRttK^-^^-^^fltm-r 
sccessu mawsmmmm^mmmtLxumufctE. 

m. 

[areas 1 8 ] &w<onmm>wmmtci&r3y.*xm 

tirBB£f*©t*SS**>£Cc. Mie*f*©**gSB#>63fct8SP 
«:M-51iiM^©»JlSiSg ; Sra*>-r»ilSftSl-'^^ - * <b 
OX. ^C«l»R©tt5¥tt«$tfffiS8ttffi^-^>-**SW 

20 itrsa^(*©^M^>6a5jfiiffi©^sfii*mai-r<E.^«,M 

ftfia^jftMia^asiflLiEsafmffa^a i,te.tatKi-Ji,> 
<t. 

uire&s 1 9 ] atijas 1 8 ^oxkmmsmimic 
mrie^m b /c^J6«!©S#^©^Jffl»-c* 

Wfa^tt**imriBS«^^«&*w±©*B^«c. ttrga 
a. 

[m^as2 0] at^JSi 9iat8©^f*«!SS'J^^aK: 

40 ^tH^a-feX«:Wb, 

m&cmiinMRiuii * x «. mioiei^ » x 
^asjflUEscmsa^tH LittatmKm^,*xt4B»mr» 
cai^as2 1 ] areas 1 7gaiS©^f*t^S'j^ffiK: 

stria^siM^aJjfiiiE©iiSfiiscmfa^ai Lfc*»» 

SO OHZ^i. 
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i it 3jug 2 2 ] ts^c3S i 7 iatt©^m«a»j3e*tt6c 
BfrifiM&^ccs-^i > t rot a^flco-c^tt * tfe m *r 5 

4 ASsimRttiut ^* p -fe x <b , 

j^jt-z-c&z mmmum' - * «c *rr 4^t& 
«c > tin ^m^m^Msmmtm&i o /c^j&swcs 

[ SMS! 2 4 ] if &m 2 3 K«©^»««HCE»»CC 

[0001] 
[0 00 2] 

rtv * - * set £ tt 4. 

[0 00 3] iC^ 4 Cft6©flHB»»'^-*-** 

4 0 — ±IBfli3»»«8/'f^-rf-^=fe«l«"r4CC«. * 

ia»a«3e'r4^rffi*»4^ fc flffttvrmn 

KftDEr 43rtt«84 C i Cc^4. 
[0 00 4] _biE. MCc/7f s --'f-;I/%»AU'r iff saws 
■T 4 «ttT»flW)«eK £ & 4 fcataWW'MDMfttf 

*#c>£±fccc «afe^c^«3ttfe©<fcac4icora 



C4) 1 1 - 1 7 8 8 0 2 

6 

SU afJSO)ft*O«afc^«0^3&»0«C*>©<!:<C4 

[0 00 5 ] -ecr, M*ttM0Mtt&&6 
4 !IiIftmS^tPJJSr4C4^cI:0Eg^ai^^f r 
}\,<Oj*J * - £ «r2ffiUW«C»ffiT 4^*££ Jt.C>fiJ 0/c. 
fit, c©^ffl^ciocio, «UW^7^ 

»W*B*«3R0-CSfc (ttH?6 - 2 0 5 7 4 

[0006] iC6"C, ±ie^#S&MCDMiS^<b 1 H 

^-rf-^*fi«WCC»Hir4*j*«:*5Cir« 1 jJiWDn 

> 7- ^ ^ r > * £«jM^<d **esp 4 <t 

«tc»wr w«-r 4 c <b ttr* fc. 
[00 0 7 ] Jbau^dfiLE©iWS«:oc4rfB!mcc 
20 BMBT4. S£*^6— j»W6tffit>6ftTl>4^ItoM<Z> 
jfiiffiafJS»SK« % (Wn?) *^#©±RSM«cS& " 

*7Ccii*^^r»«#cDM«*4fta-r4c 
^»K43^4j(ajE©afJ3e««<hLr, 

4-2 7 6 2 34^fB^^f6tl4o f**>^ ^2 

^®£#TSX9tt#4£<t 4>&t, ^'>K1 3 8^11 
4 0 tC^S 0. SR^-isVlf 1 3 4 &tt^0^*bMaS 
MtfOIKttttli'rs. ^br, #:7 
30 1 1 0*aEES P£IEB$K:tet,>Tj^©^n 
^ h ? ^accJ:D^lSifiiEEffl^S<SJfiLJEffi^sf-S«-r4 

[0 00 8] iC6r, Att©«WK»fC45^4ifffl0B<O 

n4o u*^, c©sa©stt«, ^ft'dii'rii^$n4 

M«0»««cJ:^r«^r*4, S2 2-S2 4CC, c 
40 [0 0 0 9] C*i6<£>^Cte. ^0J^C«>4AS&MEE^ 

»acx**/*iKjiiBE«. M^oc. *««n:*4«MWb 

«HE^RO«lB/««AJEffl«:^Ur*4. S2 20C 

[0010] £C4*S» ^2 3«:^*T^2<D^-f ^CDM 
aaft«0»^CC«. MjIkUBEtt^ 14. 9mmHg 4 

50 4J:t«LT^ c cr)A*<^or < 4. 024K 



[0011] Ctl6CDS2 2-i2 4&Cj;ft 

«, «»»lKffJK:*5W-5*fii(liEEffl«. M^oD^WCCct 
6 r«H&r&*c CC*C, gfc£L/cJSl 

[0 0 12] m2<DZ<<7<DMffi£imte. ftttCC 

[0013] «SLykCh6©H* i e«*h-5C itt. 
_b. Ctii «M&c^tgWJ<DjfiUEffl*5« < <t 6 (f ffiflHO jfkL 

[0014] «iU*. KABaAMOftiACGJUKcAEEK 
TS»J£8:# U . ^«MR»©JfiUE* *> £ «c OT3Rcr>«6* 

[0015] cni^J^^C. ^tgffl<DjfiLEECC« 

*B«©j|iiBE*Ttf<r< &*> % i©»i(j^ibnr^ 

[0 0 16] ic^r, IS*«fc«5^«S«:^r-5fi^<t* 

<?tfg£fc (W-P r o d u c t ) *sjBl>fe4vt:i»&. 4>« 
fiWJB»WP«, SMIHIBOJllUEtPperiiL, ^fi»* 

WP=PperiXHR 
[0017] 

ffl«J©jflLEEffl3^<Bc>«^*-5. cniMtc 



C5) ttH¥ 1 1 - 1 7 8 8 0 2 
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[0018] iC6t, 'fcffifiWJBfttt. *3fcCWI*Dfi 

8t«BTS4, ^i©»S*»*»IUri/*5C<!: 

[0019] ^cr, ^AqBOflllosnu. tBSfcfi*- 
10 fltr jE»tc4xffi«jfiiEE«r JSffi-r 5Ci 3OTI«ttii*ttJB 

[002 0] *fc**9B©»2©iWtt, S8BSKD^»fi 
Wtc»j£TSJ: 0 jEWSc^S5ftlSJB»WP**tHr-5C 

[0 02 1 ] 

[BHB*W»-r*3fcat><0#a3 ±IBMB*»8rt-S;te 
»3&» 6^tgS5W:S-5ttllR^<Z>SIS»S8^*>*rif 9UMB 

[0022] n-#E2tt&<DmmvXs ^»<o^m»^m 

[002 3 ] »*S3iS«<D»filE», *«<0*«aBCDI* 

[0 02 4] »*3B4iE*8<3r>*JSW. 19*31 1 fB«cD« 
[0 0 2 5 ] n^95»RO«a«. 1 IBSgCD^ 
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[0 0 2 6 ] ««3B 6 SB»<3D«j£tt. £#<D^tSS5CDM 

me^^taR^^^cc. atria**© 6* 
^iir, ^M©*5Wtt*stf «3auiw«^^ ^ ^ - * z 

[0 0 2 7 ] t»*3B7f2K©»fiRtt, 19*^ 3 f BKO« 

[0028] »^3i 8 nmcomm*. 1 , awtia 
iaiftLfE»£H^a«, ^»m»?cc*tj£r z # 4 *- f <t . 

t . »E*«»r ©jt^«»tt«c»jcr *» 2 ©§i 

24*- F <h fulfill 1 cd^^S<DSL^J05S^^5 
ft, — *f©ffl*jgw-i9cc«riES» 2 ©i^mga^Hufa^ 
2 ©aaa 6 a &a0tiBK3W«A 5 ft . mzm 1 <DW*m 

SC>*OTSB^>^^^>x^6>S:SS^JlHlK^»A$ftT 
fcSSS***^*?*;^ <fc 0 fulBSbM^cDflf 

[0 0 2 9] IB»(DfltfiK» % 1 . RMtiS 

4ttt*ow^8<o^rft^sai8©«jss«:*5i^r, M 
s^mm^WfaA^aa^-racc^^^ft/ct^w:. usta 

[0030] ti*3i i oiatt©«tfiE«, i . ts# 



(6) 1 1 - 1 7 8 8 0 2 

10 

[00 3 1 ] IM&H 1 1 BtftPflteSH:. Ifttl 1 . 

-c iwa£flwz> i BiauMfrMu-rs i n^mm^m^ 

f#6ft* 1 WfatiUtV9mm±* mTIB 1 BffitUWffie^ 

ureas stifc i iiii&aifi<^is»jffli*s-ars<*: 9 

[0 0 3 2 ] 1 2SB*UD*fiRtt, ff*3g l . if * 

^14 bi»*3B 1 1 (Dot* ft^tciBi8<D«i£(c:te^ 

[003 3 ] Hl*g| 1 3BB©»Sttt, til** 4 fco L- 
»*3B1 2 0C>Tft3^CcSB«cc>«fiS«:*JC>"C, mTiBtfcfcH 

«rsB««occ*^c»rfflrfBX»*^l^*^»«a 

[0 0 3 4] iff^cJg 1 49Bll4>fltJ$tt. Wftfl 1 3IB*8 

m_i j in nrJia;juv\M^ w «w. «— i 4 w % w* mm- w /o* t-^* * t-i*v>+ • 

30 ia»^^*»©Js^ccifffB*ffi^j-ii£^ o 

[00 3 5 ] »309 1 5iB«B<£>flf/£fcJ:, 1 , ff^ 

JH4ftt»OMI*3Bl 2©lr*-rft*»CcfBi8<D«J5SCC*^ 

r. tnB^«ftOfiiK»u^a». mrfamuib/cM^ati 
ys^^-^-c^) ^sqiteRttis^^ ^ <* - * fcsw 
swB^««^apjii^EscmsB«ffl 

[0 0 3 6 ] if^ 1 6SBtS<0»ffi«. 1 5IBfg 

O^^tcfei^r. SJfB**©5K««jftEE*^MBUiLW«:lft 

^ ^^*^Oi^CC BrflB^^ifiLjE^C/BtrsBt^ 

tb Ltc<bmmcm^x<bffinmz&*n&? z> c t « 
^<DM»«jKccs^c^r«Bsigas8ra**otiraB**© 

50 cc, HtriB^ftO^ffiffl^e^SBCCMSftMS^fllW* 



n 

tt**bt«BI«8^7y-^4 OX. *3bM<DteW& 

Brtejww^n^xwt. mnmm&m^u 
-*£»aj-r*«ciHu mnmmmmmmzvmmto 
xn.&utc&bm)mEmm&mi<>2>z t&&m± ox^ 

coo37] ng&s i 8%m(omm*. 

mgastH^n-fexi. «/cci &nm± ox^ 
[0 0 3 8 ] tmm i awm/tomm*. i 8 iatg 

[0 0 3 9 ] IS5}c^2 OfBttflMtUStt* 1 8 IBIS 

©«fiSCc*jc»r. SITfB*»cD^«gpJfliEE**IUflLfi5CC«| 

^ n --fe x » . «T f B«MK:*-3l > T fu IB^tt^M 
IBS^^tt^i6^*«CDi^^MfB^^lkEE^^H? 

iB^adu/c^je^^s^^r^^^^^m-r-s c 
[0040] n^g 2 i fEtte>titjffit;t> m&jb 1 1 ibss 
tB^p-fexi, ^IB^lftM^^i^<DJi^ffi^e>m(fB 

[0 04 1 ] »#3H2 2iH«©aifiR«. 1 7iB*S 

S5jfilJEC0Ji^{BS^ Mi B^m O ^C*»cc*r?i *XiM 
[0 042] n*m 2 3 IB«0O«/£tt, IMGK 1 7ftlr> 



(7) «HJp 1 1 - 1 7 8 8 0 2 
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illiB^SbJ^ia^j^scmiatfeta L/oCrf&& 
[0 04 3 ] S»jJ9B2 4fBS£<D«t/£te:> »*«2 3IB4S 

[0 04 4] 

g i mmm 

20 [ 0 0 4 5 ] [ 1 ] lfiLBE»J^ilg<D«S*« 

6ti^«num^^7 ^ - * ttcm^^x njffiacc*$c^s« 

[0 0 4 6 ] HtmUSQE 1 1±. H2«:^-rj: i 5K:, ». 

30 mm<D^w^mztitc&tt>vs2&ftuxm&n 

/c*7fs l^LrtfiJR^CDifiiEE^tfi'r^. 

[0 04 7 ] H3tttiJjt»£S2K. S2CC^lTJ:5 

L/T, AM*»6 1 ll©JfrC«ffiStt*Jfr«©*^aS 1 
40 B»U«£»eu *©W6IM*-lB»ffl«5 e --*£ 

so «ai*m*(BHKB^ffl*r5. 



(8) 



13 



c o o 4 9 ] cct«, &m<Dwmtc^*x<ofr$m * 

a ) A/DRttB3 *^L-C»6n*«#»KiS8B© 

b) «^^^U^0^^c«#16IIIRSOg^ w tt" « 
«Rft«ii»-is) 10 

C0O50]© i lattffiftDws^-frBB&M (x 

f-^S2) 

<s> '**j-zmtowm (xr^^s 3> 

l»Cc»j£L^:^»»RiS»*at>r3»^**a&. CCD 

[oo5i]@ r-zn-mfam (xf-^s4) 

r rv r\ c o i r o l m-i-,*+-s3^=^*rrt-t«i-p- 
IWWOC-J L ^ J WyJVCi&^S-t-IHIITff'U* 

[00 5 3] 4>ffi«NIISjfiLEE«m96 2 SBfir 
Em' % «filkEEEot«^r&. *eaaW6 3l£. « 

— ^JtciB^J3nfdg»<DLEDK:<fc^r«lRS$nt:*j 

[0054] -r&*>^. W*©M**± 1 0nraH3£TF"C* 

rNORMAU O^fe© LED ^fi" $ tl , H&*± 1 40 
OmmHq^rM^/ci^ti ^CAUTION J OfSSOLEDtt* 

[0 0 5 5 ] '*^st — &&nsM6 4tt, W^n:a>fc: 

i ftioBsra tp, i injfitHs s v «fc vfittmawstfim 

^7'U^6 7tt, *ft#®jM«B, £<b£El&&. Affi«* 



»H¥ 1 1-17 8 8 0 2 

14 

<Baum. 

[0 05 6] 7'V>^65tt, ^';>H»W>6 6 
WT^nSi, g|»JjtoflE«^fiB6 1 t *ffia8B&fiLflE 
«tj*«6 2. 1^916 3, '^-rf-*«7RSB6 4«: 
SSSWcSlOf-^i, CRTf-f 6 7 K 

[0057] ^j^ff^Wnff 6 8 aarsjfti 
ccj:or*«>6ti^aft«fB«wp*aK%-r*. cc 

[0 0 5 8 ] 5fctt:g|2 2-S24fCo^t^L/a^ 

(122) r*-5»««w««iA'rft*?ltttt3&« 

[005 9 ] W*.tt, »2 (H2 3) ttJfiLSEtt 

[006 0 ] r, ^J^SgtcfcoTti, **jfliBE 

E3_ /rr. rr v > * »-*. ttt-m-..a» rrift m> % * \- » x -> /- 

[006 1 ] [ 3 ] si^^S^e^tco^t 
«fH¥B-2 0 5 7 47-^ : 

o©^* ^ y - ^ ^r^imdlK £ u r y > ^ u <o~c 

[ 0 0 6 2 ] m3 ( a ) CCtt. HSIftm^SS:^^!/© 
EHBH**Ur*0. */c. 13 (b) (C«, £S3R« 

Ccm5/dynD 



(9) ^H§¥ 1 1- 1 7 8 8 0 2 

15 16 



ttM^^ffiaJ-CCDlfiL^tttetCcfc^ifil^SK Cdyn- s/cm5D 
^ffigsr CDlfiLi&CDtf ft C dyn • s2/an53 

ttJMUfi5MfiS8"e©jfiLS©3>^ , '5 YT>* Ccm5/dynD 
tt««S*«»r©jliL^tt^J:*JliL«»fii Cdyn - s/anSD 
[0 0 6 3 ] CCt, ««@Krt©»ffl5*atlS«« *Ht;fctt»> &«C*. 

i. ip. ic. istt, «^*HS-r-6«aS€:i«tiSJfB. C 0 0 6 4 ] »2t^J: 5 &C fc *W 1 XSB&MKCfeOT 

SS Can3/s 3 GCtB^iT*. 4»"C*>, «8fc i tt^cttMUIlifc Ctlb 5 — ffiKffitiLT 5<D 

ffivl*i^C«b«e*&fflOEE* Cdyn/an2D tCffiiST*. 5 10 tc&K. s m^MC c&&&-? 2> £ *> CC It 
Cdvn/cm2] CCfflS-r Z>&<D~C$>Z> 0 JJOiLT, 03 H«COC>T®«»WK93£tf 5 C <t <b *r<2>„ 

(b) oc^-r^w*- FD«^:»«y?«:tBS"rsfe©r co o 6 5 ] imia (a) cc^-rsssaitps^^utc 

vl=Rci +L (di/dt)+vp — (l) 

cc-c, mwti it* 

i = ic+ip=C (dvp/dt) + (vp/Rp) -(2) 
iafotC<b^r*-5^6, A (l) »:Xs5(DJ: 5 CCS * 3BJB3*i5. 

vl=LC (d2vp/dt2) + {RcC + (L/Rp) } (dvp/dt) 

+ { 1 + (Rc/Rp) } vp - (3) 

0 = LC (d2vp/d t2) + {RcC + (L/Rp) } (dvp/d t) 

+ { 1 4- (Rc/Rp) } vp - (4) 

[006 7] JfcCC, (4) CDJK»^0>J:9(C ^CCj:oT«t>SnS«aaii«lift» 3 £:<Be'r*. 

b-tf#e>*i£„ a##*i5£ (4) ©«?iit^s * 

vp= e x p < s t ) — (5) 

SS (5) (4) icRATZt, St (4) tKfc<D£9fC ♦ ♦a^ns., 

[LCs2+ {RcC + (L/Rp) } s + {1 + (Rc/Rp) } ] vp=0 

- (6) 

[006 8]S(6) *sOCOl,»T»< 

s = O {RcC + (L/Rp) } ±<T { {RcC + (L/Rp) } 2 

-4LC { 1 + (Rc/Rp) } ) ]/2LC - (7) 

SC (7) fcbl'tr. 

{RcC+ (L/Rp) } 2<4LC {1+ (Rc/Rp) } - (8) 

s= [- {RcC + (L/Rp) } ±jf (4LC {1+ (Rc/Rp) } 
- {RcC+ (L/Rp) } 2) ] /2LC 
= - a± j co — (9) 

[006 9] CCr t KK*£a. flJHtttt«o> & OrMS 

a= {RcC + (L/Rp) } /2LC 

= (L + RpRcC) /2LCRp - (10) 

co= [V~ { 4 L C { 1 + (Rc/Rp) ) - {RcC+ (L/Rp) } 2} ] 

/2LC (H) 

Al= LC - (12) 

A2= (L + RcRpC) /Rp (13) 

A3- (Rc+Rp) /Rp - (14) 

c, at do) , 5S (ii) ««T©J:^tc*fe-rc so <fc#-T£*. 



u 

O-O) ftmw- 1 1 - 1 7 8 8 0 2 

17 18 
a= (A2/2A1) ••- (15) 

o)=V~ { (A3/A1) -a2} - (i6) 

[0 07 0 ] C<D£5tCLX s<DB&1&£l>, Vkttm * ^THII*&"Cifi{&"3~<5 C <b 0C"3~€>„ S 5 tCteOTjaflaSg 

a (4) *j«ja-r*«p^»6tis. «±o*ns.tc»-^< B<D^l£B$f!3#Eo. Em. tp. tpirswnsi 
«^«r«#«fiffiT*5S£ ot\ S(s) ^ffic^ci r«2bs*i&. ccr 4 Eo«s^je (&§i£J§ifiL 

#-C*S. ^c. AS&MSa^^c fctt £ &jj%m<D*: f= JBE) , EmteMIE, (Eo+Em) «SSjfilEE (iRffiSHife 

y>^*tf9. — Mcc. ;^Mfij^©ffi#jgsgB:l8 4 EE) , t pW 1 »©B#H* t pi«^3toME©3i^Jb^0 

©^WOiD^jftJBTftor, BIiacc*>^SB#l8lt p ^6BE*3^*lSJfilJEffl«:Ja:^*-C(OWpBI-r*^. o^t 

JfccD 1 «i#©B*fin. «fH t sttfi^aCDftBEEIWr* 10 < t ptfDKH : 

vl= Eo+Em { 1 - ( t/tpl) } ... (17) 

t pi£ t < t p©kw : 

vl=Eo ... (is) 

[0 0 7 1 ] ^Lt. a (17) . a (18) KiotRt) ^lt«»vp (fiP^^flillig) WOTW^CJ^S, 
$n^!Evi^3 (a) <0*ffiH»^A*bfcWF<Z> X: 0 ^ t < t pi® KM : 
vp=Emin+B (1-t/tb) + Dmle x p (-at) 

• s in ( a> t + 0 1) 

- (19) 

t P i£ t < t pcomm : 20 

vp= Emin+ Dm2 • exp {-a ( t - t pi) } 

x s i n { co ( t - t pi) 4- 6 2} ••• ( 20) 
[00 7 2] CC-C, Enrintt, MttttUKK 1 ★ t b. DntL D m 2»f^f S^K-C Lfc^o rSffl $ tl 

•r*si#»fRa»«c*5W5«{aojfiijEffl[ m sssar**. 

1 1 *#J«) ~C£>£ 0 5£ (19) (c*5WS^2Kr3**5J: [0 07 3] 20c. 5£ (19) . =S (20) 

C« (20) fc*W*fii^2*W86£l,ft:5C (5) com RfcBSUfca. 0)KJW>t>0«Cot»rt(WrS. 

«S»flE»T*-3r, cn6<D^tC*5^Sa*5cfcOfco« $1* , SC (17) . 5£ (is) *«»^S5S (3) tCfUt 

5\, v -J— »/ , ja, \ jam »v.*v y4H-(C0 0 'o. -CO % O , J* ^> C N <A.3^/V-*1^ OHOo 

Eo+Em { 1 - ( t/t pi) } 

= { 1 + (Rc/Rp) ) (Enrin+B) 

- (B/tb) {RcC + (L/Rp) } t 
+ {LC (a2-ci>2) Dml- aDml {RcC + (L/Rp) } 
+ Dml { 1 + (Rc/Rp) } } 

•exp (-art) sin ( co t + 0 1) 
+ {6>Dml{RcC+ (L/Rp) } -2LCaa>Dml} 

•exp (-at) cos (tot + 01) — (21) 
[00741 S (21) tfigtiL'TZttitoMX* «TO*fl=tSr 

Eo+Em= (l + .(Rc/Rp) } (Emin+B) 

= Eo+A3B~ (B/tb) A2 - (22) 

(Em/t pi) = (B/tb) {1+ (Rc/Rp)} 

= (A3B/tb) (23) 
LC (a2-a>2) -a {RcC + (L/Rp) } + (1+Rc/Rp) =0 

- (24) 

RcC + (L/Rp) =2LCa (25) 
[0 07 5 ] «C*s, 5£ (24) fecfcO' (25) «a*sJ:^a) ♦ (is) . 5£ (20) ZVkfttmS. (3) fczRVr&i, ^ 
*»Kt5t)©r*S^ (15) . (16) (.CJ: SWf#€>n-5. 

Eo= {1+ (Rc/Rp) } Emin 

+ [LC (a2-a)2) Dm2-a {RcC + (L/Rp) } Dm2 
+ { 1 + (Rc/Rp) } Dm2] 



(11) . &mW- 1 1- 1 7 8 8 0 2 

19 20 

• exp {-a (t-tpl) } s in { co (t-tpl) + 0 2} 
+ [co {RcC + (L/Rp) } Diri2-2LCac t >Dm2] 
•exp { - a ( t - t pi) } cos { co ( t - t pi) + 0 2 
} - (26) 

[o o 7 6] s (26) *sflair-6/c«>K:tta (24) . a 
(25) j&sfiSfiraccbecjppLr. aa^astaci^* 

Eo= {1+ (Rc/Rp) } Emin=A3Emin (27) 

»«c % a»*ia (3) ^fi-r^/c^o^a (22) ^ [0077] j-r, Eminwss (27) jio^cadji^k: 

- (25) . ^ (27) KS^T. S (19) . ^ (20) CD f#*>*l£ 0 

. ^10 

Emin= ( EO/A3) — (28) 

^ (23) <tOBtt, 

B= ( tbEm) / ( tplA3) ■» (29) 

^ (22) tea (29) ^fUlt, twe ★ ★ot»-cJW< 

tb= ( t plA3+A2) / (A3) -(30) 
[0 0 7 8 ] 3 SW©5£«Dffll, Dm2, n 0 2 

ttffttMttJB v pan = o . t pi t P tc fee > r iift 
-©*»srs«3wa«ns. 20 

0) a (19) ©Vp ( tpl) <ta (20) COvp ( t pi) £ 

Dml=->T (DU2+D122) /co 
01= t a n-1 (D13/D12) 

DU= (vOl-B-Emin) co — (33) 

Dl2= (vOl-B-Emin) a + (B/tp) + ( i Ol/C) — (34) 

r*0. v01<h i Oltet = OtCfctt* vp£ i cCDfiBHtf ♦ [0 0 8 0 ]*^ DrruNte 2«. 

♦ 

Dm2 = V~ (D212+D222) /co — (35) 

02= t a n-1 (D21/D22) — (36) 

D21= (v02-Emin) * co •» (37) 

D22= (v02-Emin) -c*+(i02/C) —(38) 
vcc<h i02«t = t P rccDvp<h i domtm-c *1BKtififr&ti1t m St, a (is) <Dftmm&La>is>t>WM. 

-T^CiicjrO, jfiLlftgRRcW:, 

[0 0 8 1 ] CCDJc^KUT, a (19) . a (20) 

Rc = [L- 2RpT (LC (1 -o)2LC) } ]/CRp - (39) 

CCr, Rc#SI«^oiE£fta^tt % 

{4Rp2C} / {1+ (2o)RpC) 2} ^L^ ( l/co2C) - (40) 
~C2>£ 0 ^tLb"C$)^<h^rJ:t^ CCDtczb. (40) ©TBtt« 

[0 08 2]— jRCC. Rp«l 03 [dyn- s/cin5] HJg. &3?l/(co2C) ifi^-S. *Ct, fflBfrfbOfc*)* 

Cttl 0-4 [an5/dyn] *Ig~C£> 9 , coOTtt&KS S LfciffiffilWK:. 
0-CC^Jg«6aS»CDftJHiffi«rrA-53&i6 1 0 (rad/s) * 



T*<Z> a (20) ©vp ( tp) <h5S (IS) Ovp (0) £** 

(3) a (19) fc<fcc/a (20) CC*5C^S t = t pi©8R»« 

3) a (19) <D t = 0 ?4>»&fftt£. a (20) CD t = 
t pT©a»««3W— 3nT £ C <h 
[007 9] Drni*J<fc^0ali. 

- (31) 
(32) 



L= 1 / (co2C) 

Rett, 

Rc= L/ (CRp) 

[0 08 3] S (41) . a (42) »J:0S 

<* = 1/ (CRp) 



★ (15) <Dmwm.mate. 



• (41) 
(42) 

■ (43) 



(12) 
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£fr£ 0 55 (41) (43) OIMffi^t, a. co. ^gbfi, 

L^Ccfc ^ regf^s^ssa-t-r ;u<c>gi o cd;^ ^ - £ £ * 

Rc= a L 

Rp= (a>2L/a) 
C= IX (co2L) 
Ctl6^ (44) (46) ctO, 

[0 08 4] CCT\ Sarr*J:5«:a. co. B. t b *■ 

EOl= (Eotp+ ( t plEm/2 ) } /t p 
co. L©H«C»^SC*sflEaTS. 

Rc+Rp=aL+ (a)2L/a) = (a2+co2) 



#H¥ 1 1-17 8 8 0 2 
22 



(44) 
(45) 
(46) 



* i*»»»M«co3iaSK^6»6ti. LB 1 iilJeffiSS 

©ffi^ifto^ffl e oifcGfcsscc J: o e> ft 

- (47) 



— Rc, Rp. a. 



L/a 



(48) 



C 0 0 8 5 ] * Ut. HS3»*JS»*f s A'£»ftS¥ 
*W8ft. a. 3: (Rc+Rp) Wot* 

SV/tp= (a) / { (ar2+a>2) 
2) } 



(sv/tp) octi*STsa>^ ^jwssm-*. 

L} (1/tp) (Eotp+ ( t piEm/ 



* ti><D3&>KX<DM 0 CC f# 6 ft £ . 



[008 6 ] C ©<fc ^CCOrS 6 ftfcSt (49) £Lito 

L= a « {Eot p+ ( tplEm/2) } / { («2+a)2) 



S V} 



(49) 



(50) 



ft**. ikauK«jersc± (49) ^©^n 
« ( i/t P ) {Eot P + ( tpiEm/2) } tcm^-rz 

htlr>*. K?^9-ttccj:ftjliMUtneilKK: 

[0087] [4] wmMM'^jt-zvnwsmv 



cfc^tc, «Jga&ffi/N*^y-^<Di*CDRc, Rp, C. L 

^(DtctblC^ m3 (b) «C*$^S«« i . Hifti 
[0 08 8 ] *-J\ e *B 4 <fc 5 

C0S = 7C/ t S 

30 &*ivc. ^aBE«»e*3ca-ca*>-r. 



e = Em sin cos t 
CCt, Em' UWtMfitiEE-Cfo^X, (Em * 

+ Eo) fcffiStS. OT, B4&C7nT<i:5K:. R9Hlt 

# t l£ t < t 2©«»JHi t 2^ t < (tp+tl) 

Al (d2vp/d t2) +A2(dvp/dt) +A3vp=Em' 



(51) 



[008 9 ] [4. 1 ] 

CCD*§^ vl= e#j£irr£<t<b£>4C, «Evi£S8fc 
i &COl>Ttt^ft^ft5$ (1) <t5£ (2) U 
fc^ot, SC (1) (3) iS (12) (14) . 5*; 



s i n cos t 
- (52) 

sm» v pst**sc© J: 5 eraser 



vpst= Elc o s cos t + E2s i n cost — (53) 

a (53) £5£ (52) ©vpecft\i/rfl»*Jtwrac ★ ★ <hte<£9* ^2Wiens e 

(A3*cos2Al) El+cosA2E2=0 — (54 



) 



) 



-cosA2El+ (A3-cos2Al) E2=Em 



[0 0 9 1 ] Cft6©5£*»< CitCctO, 

El= ( — co sA 2 Em* 



) / { (cosA2) 2+ (A3-cos2Al) 2} 



(55 



(56) 



0 

(13) 1 1 - 1 7 8 8 0 2 

23 24 
E2= { (A3-o>s2Al) Em' } / { (cosA2) 2+ (A3~cos2Al) 2} 

- (57) 

#f#6*l£ 0 * vptr=exp (At) 

[0 0 9 2 ] a (52) <D»#:fr«5S©iflH»vpt £*>1>T, ^SCOvp^ftAT*. 

Al (d2vp/d t 2) + A2 (d vp/d t ) +A3vp= 0 - (58) 

AlA2 + A2A + A3= 0 •» (59) 

[0 0 9 3 ] ^CT\ C©S^AJCOHtj!?<i^ *1) } 2- (A3/A1) ] - (60) 

A= {-A2±v r (A22-4A1A3) } / 10 [0 0 94] CCt, {A2/ (2Al) } 2< (A3/A 
(2A1) = {-A2/(2Al) } ±r [ (A2/ (2A^ l) K) <h, ^W6tl^ 0 

A = -A2/ (2A1) ± jV" [ (A3/A1) - {A2/ (2Al) } 2] 
= - /3i± j col ••* (61) 

[0 0 9 5 ] C<D£&. 

£1= A2/ (2 Al) (62 

) 

col=/~ (A3/A1-/312 — (63 

) 

[0 0 9 6 ] CCt?, S6K:ai«Bvptr*^©J:^ *20 

vptr= (alcosc«)lt+ja2s i n colt ) exp (-/Sit) ••• (64) 

C<h*>6. 5£ (53) i^i (64) (C^ot^r^^niir 

vp= (Elc o so)st+E2s i ncost) + 

(ale o scolt + j a2s in colt ) exp ( — /Sit ) ♦•• (65) 

[0097] *yt, ®jSi 5£ (65) (2) ^« ♦ ♦Ar^cicc^or, ^©jc^ccwene. 

i = ( El/Rp+ co sC E 2) c o s cost + (-co sCcEl+ E2/Rp) s i n co 
st + [ [ { ( 1 -/SiCRp) /Rp} cos colt -colC s i ncolt ] al+ j 
[colC cos colt + { ( 1 -/SlCRp) /Rp} s i n colt ] a2] exp ( 
-18 It) (67) 
[0 09 8]^ t = t l<D<h£CDvp, i^vo * * 2. i Ot l,X9&S&>in< WLfelTZ* 
i 0= J 0+ (alJ 1+ j a2J2) exp (-/Sltl) — (68) 

v02 = P0+ (alPl+ j a2P2) exp (-tfltD — (69) 

TZt. j£ (65) (69) £Q MT<D&1fil£irr?>. 

J 0= (El/Rp+cosCE2) co s6)stl+-6)sCEl+E2/Rp) 

* s i n cos 1 1 •*• (70 

J 1= { ( 1 -<SlCRp) /Rp} cos colt 1- co 1C s i n colt 1— (71 

J 2= colC cos colt 1+ { ( 1 - /SlCRp) /Rp} s i n colt 1- (72 

Po= Elc o s cost l+E2s i ncost l - (73 

Pl= cos colt 1 — (74 

P2= s i n colt 1 — (75) 

[0 09 9 ] $/c, 5£ (68) —a (69) *ax a2*co* 38H>T»< ±* -X<DJ: 5 left*. 

al= [ { (V02-P0) 3 2- ( i 0- JO) P2} / (J2P1- J1P2) ] 

• exp (/Sltl) (76) 
a 2= [ {- ( V02- P0) J 1+ ( i 0- J 0) Pi} 



(14) 1 1 - 1 7 8 8 0 2 

25 26 

/ {j (J2P1-J1P2) } ] • exp (rfSltl) - (77) 
[0 10 0] 3 5£ (71) -*->j£ (75) fr^X5£<Dm* * ^J&STf * C <t#*>a>£ 0 

J 2Pl- J lP2= CO lC (78) 
I/C^mt, ^ (64) KjS (76) (77) £ftAU ^W6n^ 

^(D^C^: (78) £ffit,>££, iH?g^vptriOr^ * 

vptr= [ ( v02- P0) coso)l(t-tl) - [ { (1 - /SlCRp) 

• ( V02-P0) -Rp ( i 0- J 0) } (5 ino)l(t-tl) } 



[0101] CCt ( 



#f#6ft£ 0 



) 



/ (colCRp) ] exp (/Sitl) exp (-/Sit ) — (80 



Bltr= v02- PO (81) 

t' = t - t 1 (82) 
B2tr=- { ( 1 - (SlCRp) ( V02-P0) -Rp ( i 0- J 0) } 

/ (colCRp) - (83) 

vptr= ( Bltrc o s colt ' + B2trs i n colt ' ) exp (- £lt ' 



(84) 



*20* [0102] mm. 5£ (65) ti^SKDct^^^C^o 
vp= (Elco S6)st+E2s i n cost ) + 

( Bltrc o s colt ' + B2trs incolt' ) exp (- £lt ' ) 

»• (85) 

[0 10 3] mmOtcK (67) (rCte^X 

Dlst= (El/Rp) + cosC E 2 



D2st= -cosC El+ (E2/Rp) 

Dltr= { (l-/SlCRp) /Rp} Bltr+colC B2tr 

D2tr=-colCBltr+ { (l-/3lCRp) /Rp) B2tr 



(86 
(87 
(88 
(89 



i = (Dlstc o s cost + D2sts i n cost ) 

+ ( Dltrc os colt' + D2tr sin colt ' ) exp (- /Sit ' ) 

«• (90) 

♦ ♦[0105]**:, mm i s«. 

i s=Cc (d va/d t ) + i = cosC cEm' c o s cost + i — (91) 

[0106] [4. 2] i£§18§ 40 tfimis< % m%fa<Dmi&±ts:2>. U/c^oT, ^Evi 

ffiSRJBCCte^Ttt* ^t-KDW7i^^t, tt±j£L/c5£ (i) -C^b<**i*££fcfc:, Hiifg i , H 

BEe*«y-f*-KD©*y-F «JCDig&*s>Sffln <* ft * % i ctt^ft^ftJ«T<D5£-C3tto S ft £ . 

i =-Cc (dvl/d t ) - (92) 

i c=C (d vp/d t ) - (93 

) 

[0107] Ufc**-*T. WEvptt. 

vp=Rp(i-ic) = -Rp{Cc(d vl/ d t) + C (dvp/dt) } 

... (94) 

[0 10 8]&fc v i-ic=ip=vp/R P r*^ 50 



CIS) 1 1 - 1 7 8 8 0 2 

27 28 
i = vp/Rp+C (d vp/d t ) (95) 

[0109] #tC, 5£ (1) tCH (95) ^RAbt, « * 

dvi/d t =LC (d3vp/d t 3) 

+ (L/Rp+CRc) (d2vp/dt2) 

+ (Rc/Rp+1) (dvp/dt) -(96) 

[oiio] *fc, x (92) i^: (95) a>6yc5£as«3fc3K *n* 0 

dvl/d t=- (vp/Rp+C (d vp/d t) }/Cc — (97) 

fUt, :£ (96) £5$ (97) frhV&ZimhtlZ* 

LC (d3vp/dt3) + { (L + CRcRp) /Rp} (d2vp/d t 2) 
+ { (CcRc+CcRp+CRp) /CcRp) (dvp/dt) 

+ { 1/ (CcRp) } vp= 0 - (98) 

[0111] Utc&<z>X> C<D3i$:%Zm-? 2> t-XiZDm* *6tl^ 0 
(d3vp/dt3) +A1' (d2vp/dt2) 

+ A2' (dvp/dt) + A3' vp=0 -(99 

) 

ccr, 

Al' = (L + CRcRp) / (LCRp) - (100) 

A2' = (CcRc+CcRp+CRp) / (LCcCRp) (lOl) 
A3* =l/(LCcCRp) -(102) 
[0 1121JCK:, vp=exp (At) ifc^t, C ^ 1tti*l& (99) ^RA?Z±XttmZ>tiZ a 
(A3+A1' A 2+ A 2' A+A3* ) exp (At) = 0 ••• (103) 

p= (Al* 2/9) - (A2* /3) (104) 

q = -Al' 3/2 7+ (Al' A2* )/6-A3' /2 - (105) 

U= {q+V~ (Q2-P3) } 1/3 - (106) 

V= {q-«T (q2-p3) } V3 (107) 

or' =- (u + V) +A1' /3 - (108) 

$2= (u + v) /2+Al* /3 (109) 

o>2 = (u- v) r (3) /2 -(U0) 

A i= — or ' — (m) 

A2 = -£2 + j co2 — (112) 

A 3= -02- j co2 — (113) 

(q2-p3) >or*ft«ffitt-=e-- Kr*s. ♦JET*. 
[0113] fit, «EEvp«36€C^CS(DJ:9ft:fi ♦ 

vp=blexp (-a* t) + b2exp { (-/S2+jco2) t) 

+ b3e xp { (~/3 2- j o>2) t ) — (114) 

[0114] ?z>± % sc (95) (H4) ^rait* * * c<htCcfco, w^ojz^ccRjgsn*. 

i = gr obie x p (— a' t ) 

+ (gl+ j g2) b2exp {(-/3 2+jci)2) t } 

+ ( 8 1- J S 2) b 3e x p { ( - & 2- j co2) t } — (115) 

[0115] CCT\ 

firo=(l-a* CRp) /Rp ••(lie) 
*1= ( 1 ~/32CRp) /Rp - (117) 

g- 2= (a>2CRp) /Rp — (118) 

[0 116] 0/c#oT, mffiviii^; (115) *>6;fc5E3K 5&Ctt£ 0 
vl=- ( 1/CO I i d t 
= f Oble x p ( - a' t ) 

+ (fl+j f2) b2exp { (-/3 2+jco2) t) 

+ ( f 1- j f 2) b3e xp { (-/3 2- j co 2) t } - (119) 



(16) !f$fiJ¥ 1 1 - 1 7 8 8 0 2 
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[0117] CC"C, 



f 0= g0/ (a' Cc) ••• (120) 

f 1= (/32gfl- 6)2*2) / { (/322+0)22) Cc} - (l2l) 

f 2= (co2j?l+/S2g2) / { (£22+0)22) Cc) - (122) 

5«c. wtnoiffimtzmztctbic. ««<Z>itt9BCc*5t»T * voi, v02. ioiT^i, Cti6«^ (119) . S(n 
«\ H4«:s*TBMHlt2*t =Oii$< c£&c-r<£. ^ 4) , 2* (115) ©t4t = 0t*j<ciraT©J:5{c 

ir 4 t = occ*$w^«EEvi ffivp, ftiftits^* df>n5o 

V01= f Obl+ ( f 1+ j f 2) b2+ (f 1- j f 2) t>3 - (123) 

v02=bl+b2+b3 — (124) 

i 0= fiT Ob 1+ (gl+ j gr 2) b2 + (gl- j S2) b3 - (125) 

[0 118] 5* (114) lCteV2>m2JMtm3m * ^^nci-C, ^lEEvp »;XSe©J:5K:ttS. 

vp=bl exp (-or' t) + { (b2+b3) c o so>2t 
+ j (b2-b3) sino>2t} exp (-£2t) 
= B0exp ( - a' t) 

+ (Blc osa)2t + B2s i n co2 t ) exp (-/32t) — (126) 



[0119] CC-C, 



B0= bl 

= V02- (klgT2~k2f2) / (k4*2-k3f 2) - (127) 
Bl= b2+ b 3 

= (klgT2-k2f 2) / (k4fiT2-k3f 2) - (128) 
B2= j (b2-b3) = (k2k4-klk3) / ( k4ff2- k3f 2) »• (129) 

kl=v01-f0v02 —(130) 

k2= i0~g-0v02 — (131 



k3= grl- SO — (132) 

k4= f 1- f 0 ■• (133) 

[0120] JfclrVC, 5£ (126) ©vp fcSC (2) ^A* 
i = D0e xp (-a' t) 

+ (Die osa>2t+D2sina>2t) e x p ( - £ 2 1 ) — (134 



) 



) 



D0= { ( 1 -or* CRp) /Rp} Bo - (135) 

Dl= { ( 1 -£2CRp) /Rp} Bl+co2CB2 — (136 



D2= -C02CB1+ { ( 1 -/32CRp) /Rp} B2 - (137 

) 

[0121] U/c^ot, j£ (134) Zl^lEvKt 

vi= - ( 1/CC) I i d t 
= H0e xp (-a' t ) 

+ (Hlc osa)2t+H2s in a>2 1) exp ( -£2 t ) ••• (138) 



H0= DO/ (a* Cc) - (139) 

Hl= (£2Dl+a)2D2) / { ( (3 22+ a>22) Cc} - (140 



) 



H2= (-C02D1+/S2D2) / { (<322+a>22) Cc) - (141) 

[0 1 2 2 ] Jbi£L/cJ:5K:, «_b(D»^-C«B#SIJt 2 0, HJSEvl HIEvp. Hi£ i «-&^^C (138) . 5£ (l 

^t^oiur^/cc -ec-c, asm**— 26) . s (134) 3^6JaToJ:9«c*«>e»ti*. 
tabic. t — ( t- t 2) oitM^tf^ cntcj: 50 



(17) 



31 

vl=HOexp {-a' ( t - t 2) } 

+ {Hlc 03«2(t-t2) + H2s ino)2(t-t2) } 
•exp {-^2{t-t2) ) 
= HOexp {-a' < t - t 2) } 

+ [Hms in {co2 ( t - t 2) + 0 21} ] 

•exp(-02(t-t2)} (142) 
vp = BOexp t-a' ( t - t 2) } 

+ (Blcos6)2(t-t2) + B 2 s i nco2 ( t - t 2) } 
•exp{-/32(t-t2)} 
= BOe x p {- a' ( t - t 2) } 

+ [Bms in {a>2 ( t - t 2) + 0 22} ] 

•exp{-/82(t-t2)} - (143 



ftm^ 1 1-17 8 8 0 2 
32 



i = Doe x p {-a* ( t - t 2) } 

+ {Die o s a>2 ( t - t 2) + D2s i na>2 ( t - t2) } 
•exp {-/32 ( t - t 2) } 
= Doexp {-ex' ( t - t 2) } 

+ [Dms in {a>2 < t - t 2) + 0 23} ] exp {-/32 ( t - t 



2) } 



(144 



[0123] CCT\ 



) 



Hm=V (H12+H22) 
021- t a n-1 (H1/H2) 
Bm=V" (Bl2+ B22) 
0 22= t a n-1 (B1/B2) 
Dm=f (D12+D22) 
023= t a n-1 (D1/D2) 



(145) 
(146) 
(147) 
(148) 
(149) 
• (150 



[0 12 4] *3&<&&t, 

ro j r&£„ #a>*c\ 

3. llU»UiMSV«. 



3o*r^6nsci^6, a; (91) -c^r«a i s*«fSij 



[0125] 



SV=! tlt2i sd t 

= { (coSCcErrT + Dlst) /coS} (sin cost 2- s i n co St l) 
- (D2st/coS) ( c o s cost 2- c o s cost 1) 
+ [exp (-/3l(t2-tl) ) / ( /S 12+ co 12) ] 

• {- (SiDltr+colD2tr) c o s col ( t 2- t l) 
+ (colDltr- /3iD2tr) s i n col ( t 2- 1 1) } 

+ (<3lDltr+colD2tr) / (/312+C012) (151) 

[ 5 ] m$mtfmm:<DMft 40 c 0 1 2 7 ] <s myxoma- *m&Mm 



UHl 2*#JHLr8il8t-&. 0 6 -SI OK, SlU 
[0126] £tc, m 1 1 CC, J:»Ofc¥*Wfc«Hm0C,J: 



50 



S 1 ) 

( a ) M-^^S 
C^EE**>*S2*«lll#K:«3»S*. «5EH*&<W* 



CIS) 



1 1 - 1 7 8 8 0 2 



33 



34 



[0128] ( b ) smimm 

5 1fta/cD©¥W^S. fit, COflUttft 

* Q c©j:^ccurffijiS3n/c^isajB<oft*a»wi io 

HI 1 KiWRT*. 
[0129]© 1 ©tefflS^-^SX^M (Xf^ 
S2) 

#ci»t\ 7^^a3>fa-jf4«l IsIJatHSS!JSS2 

#v -y^ a n > t - * 4 rftjgo— B#fst§u -=e 
[0 130]© A7^-^fiiiMi (xf'^sa) 
je#*^*«js-r * 5 ooD«isttSi^>^ ^ - * cd ^ 

[0 13 1 ] 7003>t'a-M(t H7-H8&C 
I^V^fSnUfv^SlOQ, SI 17) 

•Z He . . 439TLJLI hnim .1 =£. - . rr\*33 'rZ^t r J±. _ 

r % HI 0tC^Tco»m^-*>#*Htf (^-; 
7*S 2 0 3 ) . 30 

tiswts. *-r, 7^P3>f^^4(j k mi i 

<ktt S» 1 sj<-f > F P 1 (C»K-r &«fH 1 1 1 ijfilBEfif 
y X m 1 * > h ©ffttCJlfclltf— M«i&t*» 2 -Y > 

"C*SSr3#-Y>hP3(C»JC&rSHSHIt3' ijfilJEfit 
y3. 1 ft^<3DB$fa t Pl *<EliLffiffiEnrin (Jd^b/c^ 

(3) <ts; <4) <Dmimt<ct3m-rz) 

^SlOl). 40 
[0133] fr*>\ tetc^fr" t*^2^ 

-Y> FP2^S3^Y> hP3*^UT£<D#B»r& 
tiW, S2^Y>hi^3^Y> h<Dmr$&&'* t2' 
= 2tl' , t 3* =3 tl' ±®&TZ> 0 #C&C, 
®^t-r^>/cd6tc % H 1 3Cc^TAj£<DifoJE<By o£:J8 
l^TjfiUE^yl— y3<DIE^{bMiS^fl^ Uf?^Sl 
0 2. S 1 0 3) . B/S<Dffl* (yO/2) -0. 1(C 

awareer* (xf^sio4). 

[0134] ^O^r, OTO^l^otB, tb. 
a. a>CD^fil^^-r^o 50 



(a) 

r (yO/2) — yOJ 

r ( tp/2) -t P j 

I vp(ti' ) - y 1 1 , 
I vp(t2' ) - y2 I . 
I v p ( t 3' ) - y 3 I 

[0 13 5] (b) (a) tCte^tJZtbtcB. t b. 
a. o)(D4 3 'C 
I vp(ti' ) - y 1 1 , 
I vp(t2' ) -y2| , 
I vp(t3' ) -y3l 
3W»/h<fctt4B. tb. a. a>&3t#>2> 0 
[0 13 6] (c) (b ) Kte<,>T3c&>fcB. tb^r 
SHICCUT, BtCOt,>TW: 
B± 0. 0 5. 
t biC^MXte 
tb±0. 05 

CD$gffiT\ _hfBO ( a ) . ( b ) (7>«B1£WS»t 

[0137] ( d ) Jiia ( a ) — < c ) <Dfnm<Dm. 

Q!tt3-10©6i^0. lifflPar^YbS-i*. ScKC^ 
dvp(t2' )/dt=0 



[0138] fc*5, Jrffi<D-S4MK:*5tt& vpCDi[I<D*fi 
JKORLT, 5£ (33) <D^»3fiavol«^iT^«, J£Lb© 
J:^3Cc*ffitcJ:oT, B. tb. a, cDJWMJMOcSae 

[0 13 9] (e) tpl Em, Eo« (28) 
(30) . 5£ (44) (46) tCS^^r#m*r-£» (XT* 

^S123, S 1 2 4) . 

(f ) 5$ (50) *ffllr>T. »J5eofcl@»tB«SV«r 
btlCLOimzntilU (Xr-vZfS 12 5), St94>'* 
Rp. C&j£> (44) ~~5£ (46) *P63jc*?>£ 
Uf^S 1 26) o 

[0140] ^C. &&»m#J£&*:7 : Jl>tC&^>X. 

^ - * * nm^a c c&&m.-r 
-eow. liiijaajasvostiMti^wfiw^s-r 

[0 l 4 1 ] (3)- 1 l@ttU«SV©iWffli3»Jffl" 

>x) 4«srs*ffi 



(19) 
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«fc9*C»SSfiCc*i«erS^:«>OA«W<c^ffiCCO 

Cc= 1 0 «C 
Ctl^CD«3Bttffi^^^-^4fflC*-C, lift 

a«sv©ftfl£ffl*5£ (X52) *c<J:oT»HJ-r*. 
[0142] -eOBR, 25<&miaEI«n t stt. E985&t * 

ts= (1. 52-1. 079tp) 
C<DKH*Sett. i^x=i-^&^SOiR«n*IB«:»3eb^: 10 

/c, JRIKjUlBEEoT «coc»r«. HSSRfll+SK*^ 

CC<fcOf#fcftfcffi*flJ^* (22) , a (28) 

JH) o 

[0143] BJJBltl. B*IBt 2fCHLTtt. 

«c» ffi&Utc J: 5 (<cv02£ i ott t = tiiCteW* vp, 
i<Dffir*&*>6, (85) . a (90) cc#SE-T€>t^ 

tl^ftAT^Ci-C, v02<h i 0£f#SC 20 
JiiB<D£ 5 4cbT3Rabft: 1 letffitHSS Vff-gMB 

a*. i ifeutij^ 2 o a^/^aasffli — at 

^ICcCQMS (153) -c*«E>3fefiBBffl*>€>»rS©ifiH 

£9^«h^&. *>L«a»au»tc— s^fl^nnit as 
s tir ^ ^ - zntewmifif&Tir z> . 30 

[0144] — #^gaCc©ffl*BBSOfc^:^"C 
» 1 HttUBom* &tMMI<c— aMSA6ti«clr»«« 

ansa <h n-sfii i ©a»3&s*/jN-c * o /c#m^?s c co 

±3mmHg©iirtri mmHgStC^b^tt, ± 

ib <h mttcc 1 mtt taa^aisffl t tuna £ <d— a<ow^ 

^-**HJ«yffi&»*.*. 40 
[0145] flfctf, ««jfiLBEEin (DffifcBKO'Cfc* 

^tc«, 3 6ecffi!fiRp©«*HS£-FS. *cr, PSS 
Lfc*iSJkEEffiEin OfiScDcpr, 1 @ttHJfi<Z>«»effi 
itt^ffliCO^^/h^^o/t^jftUEfiiEm' <DfiI 

Jitt^ JSfSRr*«*«10 [d 
yn * s/an5] JB*-C««S#r, 1 0J6fflfi©a9Sffli 

[0146] «±»l80^ifta j &l©HT67Ci-^ + - 50 



1 1 - 1 7 8 8 0 2 

36 

Tttfr^Rc. Rp. C. LC0ffi«, EHKRaWJE 
— (153) 

<£ o r ffie-r £ c £ 1 *r £ . 

t p - (154) 

KD— W^H 3 1 CC^-T. fr*>\ 7*n^7A^-r^© 

[ 0 1 4 7 ] <3>- 2 imi^<DMBJbLKtmMmk<D 
ft 

[0148] C<D*7JK9ffi£ urfflc^JDCKBB^WQT© 

H#ra q t ^ tc k> . >tsmm $> z> i » «M?s&?gcfc o 

ftA^OfiftH R ^ 6 4UtS!l«n Q T ^> mMttM 

IB«B#raQTCC»UT, fc^SflDEEI^H t sv* r QT + 
0. 1 CsecJ J — TQT+0. 2 Csec) J O^HT? 

ro. oi Csec] j mm-e&itz&s m^xXMm 

Emv 4 rEo+Em-2 0 CmrnHgr) J — TEo+Em 
+ 20 CmmH g ) J <DWbM^C r 1 mmH g J T^Pra'T^ 

^lSlfili£Ernv' 0>&4rCCMUT. 4 5 1 jl *3 0>$R&&ifi 

EEi3»J«ift<0*iSJlilHE<t sW— ST S J: 9 ^cPmglC ' 

[0149] L/*»L^6. Jb8B86*©*«H^^45»B 

K««WE*«^aaffc, i©t{bL,rL^5 
[oi5o]i33^ — mmumMss&^Tfcr. £ C 

D (Estimated Election Duration) lZ%mmitiMm£ 

[0 1 5 1 ] tcr. 2t3»t»3»«:*5C»rw, conxtt 

JBl9IBQT«:«itr, 8KKUJI9NIEED (Estimated 
Election Duration) C(D«l«IBfflfiFlffl E E D 



(20) 



1 1 - 1 7 8 8 0 2 
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38 



iCttLX. t sv* fEED + 0. 1 Cse 

c) J - TEED + 0. 2 (sec) J <D$mX r 0 . 0 1 

Csecj j mmxmtz-&. mmic&mimKEmv' * 

TEo+Em-2 0 (mmHg) J - rEo+Em+20 
CmmHg] J (OffiMX r 1 mmHg J HKrrSEfbS-t* 

[0152] CtittUmaOEEmWl t svfccfc 

iHKXAEEEm* «C*t It , 4 5 1 51 0 

#®5£<*n&C£fc:&£ 0 ctie>&m.&&tc*si,>x* it 

e =Xt=0tp ( I P2 ( t ) -P2 ( t ) 

[oi54]«±(Dj:^{cur, HEHaffl«©a9Sffl<t 



CO l 5 3 ] &cc, Sffl^tc*y^^U«M?60^>^ 
*P2 (t) iUfct^, #«^{C*jWSa»B^iSK 

I ) / (N) - (155) 



0. 



0 0 
9 8 

1 5 
0 0 0 

13 0 0 
0 
0 



imncc 

H^fittRc 

ili^tc = o . 

&&s»ibwb t s = 
i KKomm t P 

lifttiliSV 

^SifiUEEEm' = 1 1 

[0155]© 7 r -^»tHMUf-^S4) 
3 6tC. lfflUbtt''f'5>~*L. C, Cc, Rc. Rp<7) 30 

4MiJB«:*r>r«5S (51) W5RMic*>r>x 
\*3£ (142) ^rffll^CiCCj:^, mEEvicD^^rltt 

(ti+tp)) *fttf+irr£ 0 

BlfilEEfilEm , tOfrft»HR ( = 6 0/tp> ^D6Ci 
tCcfcD, ^«5ftWfB«WP*JHHTS. 40 
WP = Em ' x hr 
= Em 'X (6 0/tp) 

[0157]© ^-^m^S (^f^7*S5) 
£K>m%tlMl§m3t>m'^J~2L t C. Cc Rc R 

mZoim^Zft^. 3 6«C*Ift6LEEffiEin % >c^t# 
fBttW P ^^{gjftLffiffi E oi — ««CU*«« 6^gttiU. 



12 13 Ccm5/dynJ 
. 7 6 8 Cdyn • s/cm5) 
. 9 3 0 C dyn - s2/cm5) 
1 2 4 1 C cmS/dyn) 
. 0 5 8 Cdyn - s/cm5} 
. 496 (s) 
. 8 9 6 CsD 
8 3.6 Ccc/ffl) 
7 . 4 4 CmmHq) 

[0158] [e] mimmmm<D$Lt#> 

is 



v tfr. fTT ■f-Ztlil'^r i „ 1 



[0159] C(DJ;5&C £^6. 2£* l SOte&JTc 

fiaafeaftc^BfiWfBKwp^warntf, cne>w 
[oi60] cocfc^cc, *aafc»»ccj:ti«. 

«RttS8^-5^-*ii*>CC. cpffiffllCDSiftlfiLEE. 
[0161] (51) »25E^fflBEaBK-e©fe©* 

^ 5 -l± -S> J: ^ U X 4> fit ». 

[0162] mzMsmm 



39 



20 



[0163] -ecr. *S2»iEir« 
ox. ^cD^«^^r^mrf^a?i±r^ffiOT<DjfiiBE 

M^sfj^^^-^^m*r^>o . io 

[0 16 4] Sir. 7003>t^-^4tt, im* 

0"r^^d= (A22+A32+- + An2) 1/2/ A 1 

[oi65] ^x. mt>titcz>-r&md&*>mmbi& 

*(om<Dm{&3t%mmuxte< 0 cc-c, o-r^di 
M^ifc^^^-^Rc R P . l, coimmmsfktom 

[0166] *:UX. ±IBOS (156) -CffffiOifeor 
^$di^2 5-^2 8K^*0^L/cfI^^ca~3t,> 
SaiftjB^^^-^Rc. Rp. L . C, CcSrftH 

fiJftaJCC*$WS«fijfeEEffl[Eo. «&JfoJE«IEm 'Riy* 
[0 16 7] »3gg«gMI 

[oi68] c<DM±mmte, 1 IB 40 

St^^r, i®aaiSi^Mffi<b<z>s-c^ii$n, 
i»*teOW»HlitftWicll»Ltei©r*& l * 

ws= e • i s 

= cosC cEm' 2s i n cos t coscost 
+ Em' sincost (D 1st co scost + D 2st s i n cd s t ) 
+ Em' sincost (Dltrc o scolt' + D2trs i n colt * ) exp 
It' ) - (157) 

[0 17 2] ccx. S (157) tctoVZmna. W2 ★JMT©*©J:9fc«E*3*'i*. 
m. »33H*^tl-etlwX W2. w3<h"r££> ★ 

wl= (cosCcErrT 2/2) s i n 2 cost — (161) 



(21) 1* 1 1 - 1 7 8 8 0 2 

40 

5o 'XtC s C<D¥1%&.J&lC*tUXMm<DFFT (JS27 

x^*h;ba>6 % iSRcoSBAi. f&2^IS&<D^iPI 
A2. m3SJIi&COSifIA3, ^niSI^&OJiifMAn 

cti%<Dmmm&i>£icox. ^-cjeasnso 

- (156) 

tmwm&zmmTz c tx 1 iattttis««26d 

X$Z> 0 

[0169] ?tj:t>i=>. ^J^JD0mH«c»i£rr& 
HUtetfiasV [ml] =1SS [mmHg • s ] 



[0170] — ^jaa«», i ^wiJcaiD 
-warn**, latbamtjAeMamtcJzvxiub 

[0171] CCT\ -?J?a^2>tzsL-%4te. £LT 

teTjkT^m&£^x&i±mswsZ:»mT2>. ws 
&e • i st^arsi, ctittse (51) . s 00) . 

X (91) *6^SC©J:5«c||tffiSn*. 



(-^ 



(22) nm 5 ^ 1 1 - 1 7 8 8 0 2 

41 42 
w2= (Em* /2) {Dlsts i n2o)st -D2st (c o s 2cost - 1 ) } 

- (162) 

w3= (Em' /2) [Dltr{s in (cost+colt* ) 

+ s in (cost-colt* ) } - D2tr {cos (cost+colt ' ) 
-cos (cost-coif )}] exp (-/Sit' ) — (163) 

[0173] !R (82) <£ 0 

cost+colt' = cos t + col ( t - t l) = (cos+col) t - colt 1 

= coat - <t> ■« (164) 

cost -colt' - (cos-col) t +colt 1= cobt + 4> ••• (165) 

±*5<o * * [0 174]fftb%, 

coa= cos+col (166) 
cob= cos- col — (167) 

<I> = colt 1 — (168) 

-C£>£o * * [0 1 7 5] 5£ (163) «#C5t<Dj:5fc:&*. 

w3= (Em' /2) [ Dltr {sin (coat -<t>)+sin(cobt + <i>)} 
- D2tr {cos (coat — <£) - cos (cobt+4>)} ] exp < — /Sit ' ) 

- (169) 

[0176] wi W2, W3^r^n-en«TcDJ: ★T©**awars. 

5«U£«U 5£ (161) . 5£ (162) . a: (169) *20 

Wl= J wld t = - (CcEm' 2/4 ) c o s 2 cost 

= (CcEin 2/4) ( 1 - 2 c o s2cost ) -(173) 
W2= J w2d t 

= (Em' /2) [- {Dlst/(2cos) } cos2cost 

-D2st {s i n 2 cost / (2 cos) - t } ] 
= {Em' /(4cos) } { (Dlst+2 D2stcost ) 

-2coscost (Dlstc o s cost + D2sts i ncos t ) } 

... / ~>-,a\ 

W3= I w3d t 

= (Em' /2) [ { (-coaDltr+£lD2tr) cos (coat-4>) 

- (/3iDltr+coaD2tr) sin (coat -<f>) } / (/Sl2+coa2) 
+ {- (cobDltr+/3lD2tr) cos (cobt+4>) 

+ ( - £ ID ltr+ cobD 2tr) sin ( co b t + <$> ) } 

/ (/3l2+cob2) ] exp (-Alt' ) — (175) 
[0177] WlWsit ±$Z<DWX W2, W3CD^ «^ a TS*>34l&. 

Ws= (W1+W2+W3) X10-7X60/tp(J/^) - (176) 

[0178] *»Mffi«^«:*>i«CJiaL/^tt»fi* t lsXte»M&<0£ C&X?£M<Dm5&'l^ < uron 

»#««wraBesti*«i«jfii£Effl. sf&jfiLEE ^lete^MW^^^t^cirm^ 



(23) 

43 

Wzffl&oySLVc *S«WCC«3B"C £ £ £ 5 *C «c £ cor £> 

So 

[0 18 1] Wot, ftiSjJLlEfii^«i£lfllEEffl«^ 
2 4 &C±j$ b Iff 1 & C > b flt 3 O * A ^<D*MS»£K K 

coi82] m^mmm 

•Bars c i3wr*tti^»«BHrtt, ^:i6MS*&aJ 
[0183] — s^<ci4mMtftir&&. *Mmm&& 

be) ao^auyb&»«*fflo*r4:«ftiWB«*3i»* 

[0 18 4] ^OftfWWctt, SWim^b KZM> 

»t5*fi»a:itt, ±10 [%] fia-c^^o 30 

*fL>T± 1 0 [%] 5fcjBfrC**JGc6tf, *«a5jfiLEE<h^c 

i&M^asjfiLEE <h & C <fc # nJUB-C* £ i H 

Kbr5R«»j(iLjEPperiS^»»HRfcca^>r^ 
WP = PperiXHR 

T\ «5e«iS^-^>*#jab^:± 15 [96] JWJbifc 

*a«ci*Jr*tti>4«Rir, ^ttM^SPifii/E 40 

»wp*»a-r *c £ 

WP = PcentXHR 

^ffljJiff*»c>r*»ftlWg«wp c i i 

<DfnJ_L£^ £ c i ojfg i & £ o 
[0185] J/c ftl^^«l^«««H90»»A 50 



*$Pa¥ 1 1 - 1 7 8 8 0 2 

44 

IW8KWPt*HH-4Ciift4©r» ^SMLJESrJS 
o JMWBBtw P «ff ar « £ JtM u r <t 0 IE 

&w p *nta-r sci a* pjggi a 4. 
[0186] msmrnm 

±Mz&intmmrj:^um3mmBmicto^x& % wfm 
J6»cc«^c^r^KftmB«wp Affair -s«te8i it 

ffa*&i#»*tti>£**.6*i*. 
[oi87] fcr, xmspmmmz* jammem 

jBfftSf b» w p *»u o . ^sbmmh^stim m k> m 

[0188] iC4t, *»Wffl»»JfilJE*»m-*--BA: 

mmm^MKcomM ^sbtcmmwjm^ 5 j - $ «c <fc 

[0189] -eCT, 2RB5H»^l»K:4BC^Ttt, 

tern® ikzwtm&mm mfc*«»»wiit* 

J#b. *m«r«l3ttrS. 
[0190] £/c, 4-0*«>3ffc«i8»«^^^-^ifflf 

^ ^ - 1> cD^f im&¥tomtofcmv3£.it&&L±xi> zm 

[0191] J:0*(*»cc». *H6£abfc«HNB''fi 

^^-^imriHi (*5c*»a»iHi«r) cc*«>/c«3ai»« 

fg»WP(DSca«:?f 5. 



45 

[0192] *{|B««^-7^-^©$ft**s± 

^ssfiWfSttwpoffHi^tTtor. atria 

mi) u:*ubitt&*mmiL*:imi>* ^m^mm? 

cott*, ^5XttJBaK:J:ti& ^j&KftSIJ* 
£fT5itfg#ft<ft9, iS^Il^Ml, 

ft*. 

[0 19 3] gOBBMKDSPgW 

1 BffiHJB S V 0«J3e*ff 5Cift< tCBUbtt/^ ^ ^ - 

IS 1 ©flteRCc*jc»r£SMS<!: $ ft/c 1 0JeajS$!SS 
2*. HI 5fC^T*P<«K*r&Cd:^Rrfi8<fc«c-5. L 
tc&^X. C©3S»»»CC*J^-5*B£©»aW. 11 6 20 
KlTftSfiScfcSCC, B2r£*iStifc*7ffSl3&J^ 

[0194] iC^t. CCDJ: ^(c^>^^^>XL(7) 

-€-C"CCO*j&1B^/c«>. 117 frCTnTcfc 
»J5etcj:0»6n/c«#«i«jS9g Wl i» 

ferw^i6(c^$ts 0 fur, -f>y* 

c ©«9B*a**aE 6 cc«^s -er aisas&w 1 

#>T V WS, tf-S«9^W2^r*«>riSfS»[^Wl 
*&*.kia i RISK: > ^ 4r > x L coffi* ao*>a*s «c 

W2©*r»JSS«5Wl <h^4>&< — %C?Z$m*— r> 40 
[0195] ft**, AI&M^^OJE^O^^i 0 

So 

[0196] ««-«>iia»fflfi©«ffiaw». ^ 
2^ii B(c^r«9fK:n6n&bo a c««c< % «k« so 



»H¥ 1 1-17 8 8 0 2 
46 

©#©toraft£a^-c*or*>fii». Tfcfrfc, JL3$l 
[0197] * <£>— It, ¥accfet>r«lHUIta 

<rm<omsmt l-ck. h i 8 tc^r j; e> «c % jfoEEace 

>1M 2£KB$ftl l©^h 1 3&C^#T££££> 

zmmn i i ©**a»«crtji3^«W63w*it &*i 
i 4fc<fc^r^uf i 3^snjsa^owf>nt*j 
i 2 ^«EAriMltm^Lar6h«Jt) tc - 

fto~Cl>£. 

[0198] £/c. JgCCfeC^riRiSi HH»ttiS<h*®J 

*©UteSffil*BI 1 9 CC^-T. I^OC^TJ: MC. jfoBEffl 
mmco-t J: 1 HSlUHlSFiO-b >1h^ 6«c * 
2 2*fg (ccDHOWrttAilS) <D«tcCcER 

ofluoaw i o zmm$t2 i tc^as^T y - pa 2 

3. 2 3**i-UT-fe>* 2 2^ffiRLTA&. 
[0199] S fcCC, cn62 oGOiW^jB^jffi^^to 

<t i fcccttKfei»ratt£a]r*-sj$a. tgcc^c^r i 
wer s j&a« 9mt ^ci *ntra i ft * . 
-rs c iT?aa*3wa** < 6rcc«* % nscc**:-? 
yfcjgat uti 2 o tcTjKTWfiR^itetis. mmic^ 

>1f 3 2 1 0££, ^^^ctoT^ 
*©JJ8g|j^H^3-a:r*5 0. H2^lttltLr<>aJtft 

[0201] g/c. ±iB©*SS^«tcfct>r«, MfStt 



C25) 

47 

#y£#>6GTF (Genelal Transfer Function) 3£<D^ 

[0203] mm&mcpitom 

x&ffinm%&*nm?zm&±tu®ux. cfcoj£is& 

[0205] s %tt<bm&<D^mm&mm<bm%tmbm 

t<L^^j*-zmmmhmti±.<Dm^K. ^mmm^m 30 

[0206] $/c, mmmm^^s-zoi^mm&mm 
<btemcm^x<bffinm%&zn&?zmmcj:ti 

JEW, ^«c^«5ftWB«*»ffl-r*t:i3OTItt 
[0207] 3 6«c*ft: % ^ffCD^TOMttWBKtf 

<fc*i« % 08. JEW, ffl«*ot>S5fifflrfB so 



1 1- 1 7 8 8 0 2 

48 

[0 2 0 8 ] 

ss* ott j: o iEW&mnHB''c ^ > - * *iraj-r * c t 
&xzz<Dx. »btittmmni8i'*5jt-*tcm~3\,>x 

[0 209 ] £/c. ^»<Z>5HBSBifii£E*-5(r»»*flco^ 

mKtomMts&viku otc^mn^m^^x^mnmm 
$L%wm?z><Dx. mm, jew. &l m&tooamit 

[0210] £/c, aft(o^»<DMaa»jBRaws© 

&m Ltc^mcm^x^mnmB^nm-r^cD 
x. mm, jew, aacc^tt«wfB»*iita-rs 

[02in secc. nmistcMmm&'^M-ztcm 
So 

[0212] JttoCmil^li^lBtt. <Ci4&K®X 

EEKcfHuu istc'bmmicm^x&mnmz&zmm-r 

Z(DX, S*c*i6M^^jfiiEEao«fflU^C*»^» 

i^Mftt^ci^rt, &ao?i«{b4ri9*c&*s 

[0213] S 6CC£/c. £«MWBttirtii9S»* A 

fiEacww Ltc&mmcm^x&mnmB&znM-? 
2><dx. jEmte4m*mm**nzti,&icbpmb'r. 

[0214] S^IEJimBIWfB^JSKS. ^ffib/c^ 

mmit^&wtM ufc'*^j-z mmmm&, ±.<om^ 
sector, «y®^ffiB8{b*HSci^-c*6. 

[0215] S6CC-i>«f«fif}S«»tB*SW. tfUttfll 
^" 7 ^ - # cD^Sb^^Sig^- 7 ^ - 2 K*fr**S»©»£- 



I 



(26) 

49 

[an i xmikcj: ^MtsmHeato 

[02 ] lllllltt»aK:^«IRMEtt(BKK litt 
[03] (a) Af*(D»M*€r-=e^WtO/cHS 

jRSiEfStt^^^^-riajsig,. (b > i*iai;<E» io 

[04 ] &fcffi««i^M»6atolfllffi»»i * 

[0 5] A«JM^^CD jfiLEE^^: ^^^^ t U 

[0 6] Si MI»I(CW SMiSWWSSOtt^ 

[0 7] Si laS^SSCCfcW SKS^IBM)^^ 

[0 8] si m&Bmttctow zim&Mtt&m&'^j 20 

[0 9] »lSa6»»CC*J^*MaaB*fS«Oa. co 

»a*Mi©»fiP*7R-r b-c&&„ 

[010] S l^^Cc*j^SJDRSS»WSS<Oo>» 

[011] si ms^ffitcfew sMassfffSiaw^ 

[012] SI USS^SSKfc W ZMffl&9i&S<DmW 

[013] si n^ff^cc4s^ zmwiMm$m<D¥-i% 
[014] feCxfflnffwiB t si i «<D«n t P £©« 

^^r^T0-C^>^ e 
[015] S 2 ^fll^SSCC ct £ 

[016] 929^^S(c^^^M8MitlSaK«ffi(r» 

/casseBw^-na-rfts. 40 

[017] »230WB»«:*jc*r, UtfJ«WcS»*S 
[018] -fe>1f *B§K JH«ffi»?«^gC0»^P^^W 
[019] •fe>tf^r^< M^W«T^acD«fiSaJ»«:W 



SfI? 1 1 - 1 7 8 8 0 2 
50 

[02 0] -fe^t^&K MiS^SSCDlf^aJ^i-fe 

[021] *^(D^3 USS^ffltC J:«jflLEaH^K 
[022] SI <DZJy'<DMfct£toVZ*®sMEE$im 

[02 3] , S2©^^^©JR«6CfcWS^3ft*aE» 
ff2 (MOB) (HUSO ©Hff*a*>fiaT 

[02 4] S3<D* -/^(DMJStC^^SAKFMEE^ 

[025] ^SMiLSaifSR c<b OTW d (DiM 
[026] a^ff JtLttfiftR pi C^r d <DNffi«r 
[027] jfottCC J: StSttL L Of^dOMMS 

[028] a>^^>rr>xc ±z>-r&m&<DMi&*i 
[02 9] cantBBraN£«rMQao^:ia'r»&. 

[030] 8£*©SJfi k: J: -S illiffi«3e»«©«fiS*« 
[03 1 ] #^§?aCc^*at>^^n^^ACD^n- 

«*■ r in. w^/ o 

[03 2 ] »lgICc^6tt®^^7A©7 

[03 3] Rjfia»OHRH-C*S. 
HHKDIW!] 

1 miakwim 

2 1 m^ufiftiss . 

3 A/D1£&3§ 

4 v^a3>t' A -^ 

5 *-#-F 

6 om&m 

7 ^e— # 

6 1 mmifoSEWkniU 

6 2 tpmmmj&fsLEEm^ 
6 3 

6 4 -rf^-rf — £&7j?9S 

65 :ry>* 

6 6 :/y>Mg^K*> 

67 CRTfYX^l/^f 

6 8 ««JkmBK<bi%* 



(27) 



1 1-17 8 8 0 2 



1 3 



[02] 



2ft fit 



61 62 

MM] I TMAX 



I 1 



Ottawa 
s a 



-p4a£d]-p 









-V_r 



63- 



20 -IS -|Q -5 +5 +10 +15 +2 0 [ 
CAUTION NOfiMAl CAUTIOM 
PA8AMETEJLS 





2 


/ 















6 : W*Jtt» 



MAX 




AVE 




Mtn 





AVE 



,68 











L 




C 

























/- — X et 



127 



t> o o o 




[H5] 




[H3] 



(a) 




150.0 



_ 100.0 - 



(b) 



is 



i — Ll I— Ll 




50.0 -j 



I* WI [sec] 



II 1 ] 



e : 

V t : *I&BlfcH 
Vp :«M>IMRE 



[16] 



I 



-SI 



S2 



I 



-S3 



| B » 



S5 



(ID 



16] 



2 0 OfaaHs: 

y i 

I 0 06»Hi 
y i 



5 0$»H< 




-tp- 



7 . 

Em In 

u 



0.0 OCO 0.4 0(s) 0.8 0(«) 
t i' t a't 




II 



(28) 



ftmW- 1 1 - 1 7 8 8 0 2 



[07] 



C I ) 



X 



t .'. y . 
t«- y. 
tr. y. 



SIOI 



t , ■ ■ ,5102 

SI03 



y o— y o/ y«»« 
y . — y • / y»*« 



B — (y,/2) -0. t 
opt-*- 10 0 




u* 

SI05 



8 > y 



epsf — 1 0 
8 — B +0. 1 

(tp/2) 



SKD6 



apt>ap»f / 



SI07 



l>»-.y»..,h -- sloa 

■ a. £j | | ^ SI09 




ep»l <«ptf 

If* 



Silt 



SI2I 
SI22 



t b — t b 



1/ 



A„ — 2 a/w* 



tp.— ( t b A| - A,) /A, 

C t ta A»- A s > 8/ t b 



S>23 
SI24 



— 1 

rSI26 





a L 




a*L/a 


C - 


1 /w»L 



[09] 




* I 1 




«ptr»-epil 

1 



SI 20 



[^20 ] 



[010] 



« ir i o J 

<d ■ — 9 S 



S30I 
S302 



. 1 . f S303 

Y =j^ S3 ° 4 

I " C Ml + «> ») 2 f « 




S308 




iep4 ioo ^ S201 

♦ O <"\ *^ 

* » ,S2Q3 



S207 



I s — ,v V^- y ^T ^S2oa 

(s,.«*- I vp(t,1-y a 



I 32- 1( 

N 



5209 





^mW- 1 1 - 1 7 8 8 0 2 



[012] 



[HI 3 ] 




0.2 0.4 0.6 
M [sec] 




til 4] 



[HI 5] 



1.0 

0.8- 

0.6- 

0.4 

0.2 



V!p«1. 52-1 .079 tp 
r=-0^82 



0.0 



"02 04 06 <XS 1*0 T?2 
tp(s) 



17] 



2 0 O/ftaKc) 
I S OtaKc) 
1 0 0(uHc) 
5 0(uH|) 











































Wl 









































/ 6 



^-9 



O.OOCa; 0.40(5) 0 .8 0<i) I .2 0< • ) 3 .6 0<«> 2.00(a) 





4 








\ 





18] 




19] 




C30) 



1 1 - 1 7 8 8 0 2 



12 1 ] 



122] 



s « 



13 4 6 

L, . L L. , U 



St & 
(JJRKUft) 



EEfEHl 



/ 5 



CS2 3 ] 

Rc-28. 103 (dm. a/ca") Co =8. 00X10" 4 (ca B /dyn> 
Rp = 12S9. 615 (dm s /c»') C=2. 335 X lO- 4 (e«Vdyn) 
k=8. 266 (dm sVn 6 ) SY-76. 8(oc/b«it) 

W.-70.2O/«in) 
150 



100 - 



so 




105. OCnnfl«) 



0.5 



1.0 

■* na (s) 



1.5 



2.0 



: (64.0/105. M 





400 








\ • 


"1 




\ • « 




300 


■A • • • 


1 






o 








200 










1 


LOO 




ss 

-5- 







125] 



4§H : r=-0.807 



2000 



^ 1500 



i 

1 500 



R 0=88. 588 (drn.s/c- 8 ) Cc=L2. 06flX 10*"* (efflVdyn) 
R»°1453. 953 (dm. fi/oi 5 ) Ol. 207 X LO" - (eaVdyn) 
L«l6. 542 (dyn. s Vci**) SV-72. 0 (cc/bomt> 
W.»65.3a/«in) 
150 • 



100 



50 




UE.9M 
lU.4(««g) 



0.0 



0.5 



1.5 



2.0 



1.0 
SB (a) 

^» ^«fl"lbSftflE*SJg<72. 7/115. OnxHe) 
: *ttJ^fc»*(76.e/Ul.4«nHg) 



Ro=40l. 0S4(dyn. s/ca*) Cc-lO. 000 X 10" 4 (cn fl /dm) 

Rp-l500.594(dyn.i/ca > ) 00. ft39X10* 4 Cca'/dm) 

LKW. 4L0(dm* sVca*) SV-79. OCcc/btsat) 
V.-83.5(J/«in) 
150 



100 



50 




MB. B(nHf) 
M5.0 (cutis) 



°00 



0J 1.0 1.5 2.0 

8* 0 (s) 

: »*»l)RBEi£ JB (76. 7/1 18. 9i*fl*) 
>&» : *»8RffiKJB(96. 9/145. (Wis) 



[H2 6] 



[132 9 ] 



§ iooo • . • 



: Rp=232U3e" 
ftW: :r=-0.4l8 




0.6 0.8 



1 

2*d 



1.2 1.4 



B*M [sec] 



(31) 



&ffi¥- 1 1 - 1 7 8 8 0 2 



[027] 



[02 8 ] 




a 



a 

K 
A 
N 
V 

ir\ 

A 

n 



M«5C : <-1.607f3.342d)xl0- 4 
tSH :r=0.764 




0.6 0.8 



1 



1.2 1.4 



[03 0 ] 



13 1 ] 




138: '<>K 



| »g#g'J I | 55^55 | 



[03 3 ] 



Pmax=130 




Pmin=70 — 



START J 

t^n. 8i~i. 079 gt p [ -^ 

♦ r S402 



EV,<-E o +E 0 -3mmHa 



3^ 



403 



S404 




S405 



' -S407 




S4IO 



(32) 



tSmW- 1 1 - 1 7 8 8 0 2 



132] 



( START ) 

T 



3" 



| Error— 



10000000 



S50I 
S502 



EED+Ol I si 



-S504 



-S505 




Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(11)Publication number : 11-178802 
(43)Date of publication of application : 06.07.1999 



(51)Int.CI. A61B 5/0245 



(21 Application number : 09-355894 (71 Applicant : SEIKO EPSON CORP 

(22)Date of filing : 24.12.1997 (72)Inventor : AMANO KAZUHIKO 

UEBABA KAZUO 
ISHIYAMA HITOSHI 



(54) DEVICE AND METHOD FOR MEASURING BIOLOGICAL CONDITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately estimate central blood 
pressure by use of simple constitution and calculate a more 
accurate myocardial load index WP which corresponds to the 
actual myocardial load. 

SOLUTION: A microcomputer 4 can accurately estimate central 
blood pressure while simplifying its constitution, since it calculates 
an estimate of aortal origin blood pressure on the basis of a 
circulation kinetic parameter obtained by analyzing a pulse 
waveform output from a pulse wave detection device 1 . The 
microcomputer 4 detects the pulse rate of a living body and 
calculates a myocardial load index on the basis of the estimate of 
the aortal origin blood pressure and the detected pulse rate, and 
can therefore calculate an optimum myocardial load index under a 
wider range conditions than it can when calculating the aortal load 
index by use of peripheral blood pressure. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A measurement means to measure the condition of said living body which contains between outline 
ejection phases based on the pattern of pulse wave of a living body's peripheral section, Based on said living 
body's condition, as a hemodynamics parameter showing the hemodynamics of an arterial system from said 
living body's central section to the peripheral section An analysis means to compute a hemodynamics parameter 
including aortic viscoelasticity, and a main artery blood-pressure calculation means to compute the estimate of 
said living body's aortic root blood pressure based on said hemodynamics parameter, A preparation and said 
analysis means are a living body condition measuring device characterized by using the ventriclus-sinister 
pressurization time amount which faced computing said hemodynamics parameter and computed between said 
outline ejection phases as initial value. 

[Claim 2] The living body condition measuring device characterized by having a main artery blood-pressure 
calculation means to compute the estimate of said living body's aortic root blood pressure, a heart rate detection 
means to detect said living body's heart rate, and a myocardium load characteristic calculation means to 
compute a myocardium load characteristic based on the estimate and said detected heart rate of said aortic root 
blood pressure, based on the pattern of pulse wave of living body's peripheral section blood pressure or said 
living body's peripheral section. 

[Claim 3] The living body condition measuring device characterized by having a main artery blood-pressure 
calculation means to compute the estimate of said living body's aortic root blood pressure based on a 
predetermined transfer function from the pattern of pulse wave of a living body's peripheral section, a heart rate 
detection means to detect said living body's heart rate, and a myocardium load characteristic calculation means 
to compute a myocardium load characteristic based on the estimate and said detected heart rate of said aortic 
root blood pressure. 

[Claim 4] The living body condition measuring device characterized by having a heart rate detection means to 
detect said living body's heart rate, and a myocardium load characteristic calculation means to compute a 
myocardium load characteristic based on the estimate and said detected heart rate of said aortic root blood 
pressure, in a living body condition measuring device according to claim 1. 

[Claim 5] The living body condition measuring device characterized by having a heart rate detection means to 
detect said living body's heart rate based on said pattern of pulse wave, and a myocardium load characteristic 
calculation means to compute a myocardium load characteristic based on the estimate and said detected heart 
rate of said aortic root blood pressure, in a living body condition measuring device according to claim 1. 
[Claim 6] A measurement means to measure said living body's condition based on the pattern of pulse wave of a 
living body's peripheral section, Based on said living body's condition, as a hemodynamics parameter showing 
the hemodynamics of an arterial system from said living body's central section to the peripheral section An 
analysis means to compute a hemodynamics parameter including aortic viscoelasticity, and a main artery blood- 
pressure calculation means to compute the estimate of said living body's aortic root blood pressure based on 
said hemodynamics parameter, The living body condition measuring device characterized by having a heart rate 
detection means to detect said living body's heart rate, and a myocardium load characteristic calculation means 
to compute a myocardium load characteristic based on the estimate and said detected heart rate of said aortic 
root blood pressure. 

[Claim 7] It is the living body condition measuring device characterized by what the viscoelasticity of the 
vascular resistance according [ on claim 1 and a living body condition measuring device according to claim 4 to 
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6 and / said hemodynamics parameter ] to the blood viscosity in said central section, the inertia of blood, the 
vascular resistance in said peripheral section, and the blood vessel in said peripheral section is included for. 
[Claim 8] In claim 1 and a living body condition measuring device according to claim 4 to 7 said main artery 
blood-pressure calculation means The diode corresponding to an aortic valve, and the 1st resistance 
corresponding to the vascular resistance by the blood viscosity in said central section, The inductance 
corresponding to the inertia of blood, and the 1st electrostatic capacity corresponding to the viscoelasticity of 
said main artery, It is the model which has the 2nd electrostatic capacity corresponding to the viscoelasticity of 
the 2nd resistance corresponding to the vascular resistance in said peripheral section, and the blood vessel in 
said peripheral section. The series circuit of said 1st electrostatic capacity is connected with said diode between 
the input terminals of a pair. The parallel circuit which consists of said 2nd electrostatic capacity and said 2nd 
resistance is inserted between the output terminals of a pair. The hemodynamics of said arterial system is 
modeled by the 5 element lumped model in which it comes to insert the series circuit which consists of said the 
1st resistance and said inductance between said output terminals between the both-ends children of said 1st 
electrostatic capacity. The living body condition measuring device characterized by what the voltage waveform 
between the both-ends children of said 1st electrostatic capacity is made into said aortic pressure wave for while 
determining said hemodynamics parameter. 

[Claim 9] In claim 1 and a living body condition measuring device according to claim 4 to 8, said living body's 
condition is a pulse wave in the peripheral section of said arterial system. Said blood-pressure calculation means 
The living body condition measuring device characterized by determining the value of each component which 
constitutes said 5 element lumped model so that the electrical signal corresponding to the wave of said pulse 
wave may be acquired from said output terminal when the electrical signal corresponding to said living body's 
systemic-heart room pressure is given between said input terminals. 

[Claim 10] It is the living body condition measuring device which has a strain calculation means for said living 
body's condition to be a pulse wave in the peripheral section of said arterial system, and to compute the strain of 
this pulse wave from the wave of said pulse wave in claim 1 and a living body condition measuring device 
according to claim 4 to 8, and is characterized by said blood-pressure calculation means determining said 
hemodynamics parameter based on the correlation of said hemodynamics parameter and strain of said pulse 
wave. 

[Claim 1 1] It is the living body condition measuring device which has a stroke volume detection means to 
detect said living body's stroke volume, in claim 1 and a living body condition measuring device according to 
claim 4 to 10, and is characterized by adjusting the value of said hemodynamics parameter by said blood- 
pressure calculation means so that the calculated value of the stroke volume obtained from said aortic pressure 
wave and the actual measurement of the stroke volume measured with said stroke volume measurement means 
may be in agreement. 

[Claim 12] The living body condition measuring device characterized by having a workload calculation means 
to compute the workload of said living body's heart based on said aortic pressure wave, in claim 1 and a living 
body condition measuring device according to claim 4 to 11. 

[Claim 13] In claim 1 and a living body condition measuring device according to claim 4 to 12 It has a 
distinction means to distinguish whether the rate of change to the criteria heart rate which is a heart rate of the 
resting period of said detected heart rate exceeded the criteria heart rate rate of change set up beforehand. Said 
myocardium load characteristic calculation means The living body condition measuring device characterized by 
computing a myocardium load characteristic based on said aortic root blood pressure and said detected heart 
rate based on said distinction when said rate of change is said more than criteria heart rate rate of change. 
[Claim 14] A peripheral section blood-pressure detection means to detect said living body's peripheral section 
blood pressure noninvasive in a living body condition measuring device according to claim 13, and said 
myocardium load characteristic calculation means are a living body condition measuring device characterized 
by computing a myocardium load characteristic based on said peripheral section blood pressure and said 
detected heart rate based on said distinction when said rate of change is said under criteria heart rate rate of 
change. 

[Claim 15] It is the living body condition measuring device which sets to claim 1 and a living body condition 
measuring device according to claim 4 to 12, and is characterized by said myocardium load characteristic 
calculation means computing a myocardium load characteristic based on said aortic root blood pressure and said 
detected heart rate when it is more than the parameter criteria rate of change that the rate of change to the 
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criteria hemodynamics parameter which is said hemodynamics parameter in the predetermined timing of said 
computed hemodynamics parameter set up beforehand. 

[Claim 16] It is the living body condition measuring device which has a peripheral section blood-pressure 
detection means to detect said living body's peripheral section blood pressure noninvasive, in a living body 
condition measuring device according to claim 15, and is characterize by said myocardium load characteristic 
calculation means compute a myocardium load characteristic based on said peripheral section blood pressure 
and said detected heart rate based on said distinction when said rate of change is said under criteria parameter 
rate of change. 

[Claim 17] The measurements process which measures the condition of said living body which contains 
between outline ejection phases based on the pattern of pulse wave of a living body's peripheral section, Based 
on said living body's condition, as a hemodynamics parameter showing the hemodynamics of an arterial system 
from said living body's central section to the peripheral section The analysis process which computes a 
hemodynamics parameter including aortic viscoelasticity, It has the main artery blood-pressure calculation 
process which computes the estimate of said living body's aortic root blood pressure based on said 
hemodynamics parameter. Said analysis process The living body condition measuring method characterized by 
using the ventriclus-sinister pressurization time amount which faced computing said hemodynamics parameter 
and computed between said outline ejection phases as initial value. 

[Claim 18] The measurements process which measures said living body's condition based on the pattern of 
pulse wave of a living body's peripheral section, Based on said living body's condition, as a hemodynamics 
parameter showing the hemodynamics of an arterial system from said living body's central section to the 
peripheral section The analysis process which computes a hemodynamics parameter including aortic 
viscoelasticity, and the main artery blood-pressure calculation process which computes the estimate of said 
living body's aortic root blood pressure based on said hemodynamics parameter, The living body condition 
measuring method characterized by having the heart rate detection process of detecting said living body's heart 
rate, and the myocardium load characteristic calculation process which computes a myocardium load 
characteristic based on said aortic root blood pressure and said detected heart rate. 

[Claim 19] It has the distinction distinction process which distinguishes whether the rate of change to the 
criteria heart rate which is a heart rate of the resting period of said detected heart rate exceeded the criteria heart 
rate rate of change set up beforehand in the living body condition measuring method according to claim 18. 
Said myocardium load characteristic calculation process is a living body condition measuring method 
characterized by computing a myocardium load characteristic based on said aortic root blood pressure and said 
detected heart rate based on said distinction when said rate of change is said more than criteria heart rate rate of 
change. 

[Claim 20] It is the living body condition measuring method which has the peripheral section blood-pressure 
detection process of detecting said living body's peripheral section blood pressure noninvasive, in a living body 
condition measuring method according to claim 19, and is characterized by said myocardium load characteristic 
calculation process computing a myocardium load characteristic based on said peripheral section blood pressure 
and said detected heart rate based on said distinction when said rate of change is said under criteria heart rate 
rate of change. 

[Claim 21] The living body condition measuring method characterized by having the heart rate detection 
process of detecting said living body's heart rate, and the myocardium load characteristic calculation process 
which computes a myocardium load characteristic based on the estimate and said detected heart rate of said 
aortic root blood pressure in a living body condition measuring method according to claim 17. 
[Claim 22] The living body condition measuring method characterized by having the heart rate detection 
process of detecting said living body's heart rate based on said pattern of pulse wave, and the myocardium load 
characteristic calculation process which computes a myocardium load characteristic based on the estimate and 
said detected heart rate of said aortic root blood pressure in a living body condition measuring method 
according to claim 17. 

[Claim 23] It is the living body condition measuring method which sets for a living body condition measuring 
method according to claim 17 to 22, and is characterized by said myocardium load characteristic calculation 
process computing a myocardium load characteristic for the parameter criteria rate of change which the rate of 
change to the criteria hemodynamics parameter which is said hemodynamics parameter in the predetermined 
timing of said computed hemodynamics parameter set up beforehand based on said aortic root blood pressure 
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and said detected heart rate in the above case. 

[Claim 24] It is the living body condition measuring method which has the peripheral section blood-pressure 
detection process of detecting said living body's peripheral section blood pressure noninvasive, in a living body 
condition measuring method according to claim 23, and is characterized by said myocardium load characteristic 
calculation process computing a myocardium load characteristic based on said peripheral section blood pressure 
and said detected heart rate based on said distinction when said rate of change is said under criteria parameter 
rate of change. 



[Translation done.] 
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l.This document has been translated by computer. So the translation may not reflect the original precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a suitable living body condition measuring device and a living 
body condition measuring method, in order to measure the condition of the body as a living body, especially it 
relates to the suitable living body condition measuring device for calculation and living body condition 
measuring method of a myocardium load characteristic. 
[0002] 

[Description of the Prior Art] When diagnosing about the condition of the circulatory system of the body, most 
generally blood pressure, a heart rate, etc. are used. However, in order to perform a still more detailed diagnosis, 
it is necessary to measure so-called hemodynamics parameter called the viscous drag and compliance of a blood 
vessel. 

[0003] By the way, when it models and expresses these hemodynamics parameters, the 4 element lumped model 
is used as a model which describes behavior of an arterial system. On the other hand, in order to measure the 
above-mentioned hemodynamics parameter, it is necessary to measure the pressure wave form and blood stream 
in an aortic root and the notch section. That is, the approach of taking the approach of inserting and measuring a 
catheter directly in an artery, or measuring indirectly ultrasonically etc. will be taken. 

[0004] By the approach of inserting and measuring a catheter directly in the above and a pulse, since it became 
invasion-measurement, while the burden to a test subject was large, there was a problem that equipment will 
also become large-scale. Although the blood flow in a blood vessel could be observed non-invasive and the 
burden to a test subject could be reduced by the approach of on the other hand measuring indirectly 
ultrasonically etc., measurement took skill and there was a problem that the equipment for measurement will 
also become too large-scale. 

[0005] Then, this invention person found out the approach of computing the parameter of a 4 element lumped 
model in approximation by measuring the pattern of pulse wave and stroke volume of a radial artery. And the 
pulse wave analysis equipment which can evaluate a hemodynamics parameter non-invasive and easily has been 
proposed by using this approach (JP,6-205747,A, the name of invention: pulse wave analysis equipment). 
[0006] By the way, in the approach of computing the parameter of a 4 element lumped model in approximation, 
the model which divides the compliance of a blood vessel into the central section and the peripheral section of 
an arterial system, and deals with it is not adopted by measuring the pattern of pulse wave and stroke volume of 
the above-mentioned radial artery. Therefore, when a patient was medicated with the time of movement, or 
hemodynamics actuation medicine and a patient was medicated with hemodynamics agonist, the effectiveness 
was not able to be divided into the central section and the peripheral section, and was not able to be evaluated. 
[0007] Next, measurement of the blood pressure mentioned above is explained briefly. The blood-pressure- 
measurement equipment of the noninvasive mold generally used from the former made a test subjects overarm 
section etc. equip with a cuff (armband), and has measured the blood-pressure value by detecting a test subject's 
pulse wave, putting a pressure on a cuff. Thus, JP,4-276234,A is mentioned as a measuring device of the blood 
pressure in a test subject's peripheral section. That is, as shown in drawing 29 R> 9, while making a cuff 1 10 
wind around the overarm section of a test subject's upper extremity and attaching it, a band 138 is stuck to a 
wrist 140, winding and the pulse wave sensor 134 are stuck in a test subject's radial-artery section, and a test 
subject's pulse wave is detected. And after making a cuff 110 pressurize, a highest-blood-pressure value and a 
lowest-blood-pressure value are measured by the well-known oscillometric method at the time of pressure 
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lowering. 

[0008] By the way, if the blood-pressure value by the side of the center in the arterial system of the body and 
the blood-pressure value by the side of a tip are surveyed, a difference will be looked at especially about a 
highest-blood-pressure value by the blood-pressure value by the side of a center and a tip. And extent of this 
difference varies with the configuration of the pulse wave observed by the tip side. The situation of fluctuation 
of a blood-pressure value which was dependent on the configuration of such a pulse wave at drawing 22 - 
drawing 24 is shown. 

[0009] The radial-artery pressure wave form, and the highest / lowest-blood-pressure value which is a tip side is 
shown in these drawings at the aortic pressure wave which is a center side and the highest / lowest-blood- 
pressure value, and the list. In the case of the pattern of pulse wave of the 1st type shown in drawing 22 , 
although each highest-blood-pressure value of a radial-artery side acquired from the radial-artery wave shown 
as the aortic pressure wave shown by the dotted line and a continuous line is high a little, you may say that it is 
in general equal. 

[0010] However, in the case of the pattern of pulse wave of the 2nd type shown in drawing 23 , highest-blood- 
pressure differences are 14.9mmHg(s). It becomes and becomes quite large as compared with the case of the 
pattern of pulse wave of the 1st type shown in drawing 22 . Furthermore, if it becomes the pattern of pulse wave 
of the 3rd type shown in drawing 24 , a highest-blood-pressure difference will turn still larger up with 
26.1mmHg(s), and, on the whole, as for the pattern of pulse wave of the 1st thru/or the 2nd type, an aortic 
pressure wave will far come to exceed a radial-artery wave conversely. 

[001 1] the lowest-blood-pressure [ according to these drawing 22 - drawing 24 incidentally ] value by the side 
of a radial artery — the configuration of a pulse wave ~ not depending — abbreviation — it turns out that it is the 
same. Here, the pulse wave of the 1st mentioned already thru/or the 3rd type is explained briefly. The wave is 
carried out calmly and is relaxation, the pattern of pulse wave of the 1st type is normal health people's pulse 
condition, and few things of turbulence are [ a rhythm is fixed and ] the descriptions. 

[0012] Moreover, the subsequent diastolic peak of the description is quite higher than usual at the same time the 
pattern of pulse wave of the 2nd type descends immediately after starting rapidly, and an aortic notch is incised 
deeply. Moreover, it is the description that the pattern of pulse wave of the 3rd type starts rapidly, and does not 
immediately descend after that, but the condition that blood pressure is high carries out fixed time amount 
continuation. 

[0013] This when an aortic root, i.e., the blood-pressure value of center side , may be low in the blood-pressure 
value by the side of tips, such as the radius section and the overarm section, being high may have [ being led 
from these illustrated drawings ] a high blood-pressure value by the side of a center in the blood-pressure value 
by the side of a tip being conversely low. Such relation changes with configurations of a pattern of pulse wave, 
and, moreover, these relation is appearing vividly in the configuration of a pattern of pulse wave. 
[0014] For example, a patient is medicated with an antihypertensive for a hypertension therapy, and suppose 
that medicinal effectiveness is seen based on the blood pressure of the radial-artery section. Even if the blood 
pressure measured by the tip side falls in such a case, it is also a certain reason that the blood pressure by the 
side of a center has not fallen in fact. Therefore, the case where it is difficult to grasp drug effect correctly can 
be referred to as being only from the blood pressure by the side of a tip. 

[0015] Moreover, if the aortic pressure wave changed and the blood pressure by the side of a center has fallen 
contrary to this even if change is not looked at by the blood pressure by the side of a tip, the burden of the heart 
is light in fact. In such a case, even if it does not lower the blood pressure by the side of a tip by force, although 
medicinal effectiveness has shown up enough, it is difficult for it to judge this only from the blood pressure by 
the side of a tip. 

[0016] By the way, the myocardium load characteristic (W-Product) is used as an index for guessing from 
before how much the load to a myocardium is. When the myocardium load characteristic WP sets blood 
pressure by the side of a tip to Pperi and a heart rate is set to HR, it is expressed as follows. 
WP=PperixHR [0017] 

[Problem(s) to be Solved by the Invention] As mentioned above, even when the blood-pressure value by the 
side of a tip is high, an aortic root, i.e., the blood-pressure value by the side of a center, may be low. 
Furthermore, with this, the blood-pressure value by the side of a tip is low conversely, by the case, the blood- 
pressure value by the side of a center may be high, and the blood-pressure value by the side of a tip is not 
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necessarily being interlocked with the blood-pressure value by the side of a center, either. 
[0018] by the way, when the myocardium load characteristic was computed based on the blood-pressure value 
(systolic blood pressure) measured by the tip side as carried out from the former in spite of making a 
myocardium load characteristic the index for seeing the burden of the heart how much be originally, it had 
overestimating the burden of the heart and underestimating conversely fault . 

[0019] Then, the 1st purpose of this invention is to offer the living body condition measuring device which can 
presume central section blood pressure correctly with a simple configuration, and a living body condition 
measuring method. 

[0020] Moreover, the 2nd purpose of this invention is to offer the living body condition measuring device and 
living body condition measuring method which can compute the exact myocardium load characteristic WP 
rather than corresponding to an actual myocardium load. 
[0021] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, a configuration 
according to claim 1 A measurement means to measure the condition of said living body which contains 
between outline ejection phases based on the pattern of pulse wave of a living body's peripheral section, Based 
on said living body's condition, as a hemodynamics parameter showing the hemodynamics of an arterial system 
from said living body's central section to the peripheral section An analysis means to compute a hemodynamics 
parameter including aortic viscoelasticity, and a main artery blood-pressure calculation means to compute the 
estimate of said living body's aortic root blood pressure based on said hemodynamics parameter, A preparation 
and said analysis means are faced computing said hemodynamics parameter, and are characterized by using the 
ventriclus-sinister pressurization time amount which computed between said outline ejection phases as initial 
value. 

[0022] The configuration according to claim 2 is characterized by having a main artery blood-pressure 
calculation means to compute the estimate of said living body's aortic root blood pressure, a heart rate detection 
means to detect said living body's heart rate, and a myocardium load characteristic calculation means to 
compute a myocardium load characteristic based on the estimate and said detected heart rate of said aortic root 
blood pressure, based on the pattern of pulse wave of living body's peripheral section blood pressure or said 
living body's peripheral section. 

[0023] The configuration according to claim 3 is characterized by having a main artery blood-pressure 
calculation means to compute the estimate of said living body's aortic root blood pressure based on a 
predetermined transfer function from the pattern of pulse wave of a living body's peripheral section, a heart rate 
detection means to detect said living body's heart rate, and a myocardium load characteristic calculation means 
to compute a myocardium load characteristic based on the estimate and said detected heart rate of said aortic 
root blood pressure. 

[0024] The configuration according to claim 4 is characterized by having a heart rate detection means to detect 
said living body's heart rate, and a myocardium load characteristic calculation means to compute a myocardium 
load characteristic based on the estimate and said detected heart rate of said aortic root blood pressure in the 
configuration according to claim 1. 

[0025] The configuration according to claim 5 is characterized by having a heart rate detection means to detect 
said living body's heart rate based on said pattern of pulse wave, and a myocardium load characteristic 
calculation means to compute a myocardium load characteristic based on the estimate and said detected heart 
rate of said aortic root blood pressure in the configuration according to claim 1. 

[0026] A measurement means by which a configuration according to claim 6 measures said living body's 
condition based on the pattern of pulse wave of a living body's peripheral section, Based on said living body's 
condition, as a hemodynamics parameter showing the hemodynamics of an arterial system from said living 
body's central section to the peripheral section An analysis means to compute a hemodynamics parameter 
including aortic viscoelasticity, and a main artery blood-pressure calculation means to compute the estimate of 
said living body's aortic root blood pressure based on said hemodynamics parameter, It is characterized by 
having a heart rate detection means to detect said living body's heart rate, and a myocardium load characteristic 
calculation means to compute a myocardium load characteristic based on the estimate and said detected heart 
rate of said aortic root blood pressure. 

[0027] The configuration according to claim 7 is characterized by what said hemodynamics parameter includes 
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the viscoelasticity of the inertia of the blood in the vascular resistance by the blood viscosity in said central 
section, and said central section, the vascular resistance in said peripheral section, and the blood vessel in said 
peripheral section for in the configuration according to claim 3. 

[0028] A configuration according to claim 8 is set in claim 1 and a configuration according to claim 4 to 7. Said 
blood-pressure calculation means The diode corresponding to an aortic valve, and the 1st resistance 
corresponding to the vascular resistance by the blood viscosity in said central section, The inductance 
corresponding to the inertia of the blood in said central section, and the 1st electrostatic capacity corresponding 
to the viscoelasticity of said main artery, It is the model which has the 2nd electrostatic capacity corresponding 
to the viscoelasticity of the 2nd resistance corresponding to the vascular resistance in said peripheral section, 
and the blood vessel in said peripheral section. The series circuit of said 1st electrostatic capacity is connected 
with said diode between the input terminals of a pair. The parallel circuit which consists of said 2nd 
electrostatic capacity and said 2nd resistance is inserted between the output terminals of a pair. The 
hemodynamics of said arterial system is modeled by the 5 element lumped model in which it comes to insert the 
series circuit which consists of said the 1st resistance and said inductance between said output terminals 
between the both-ends children of said 1st electrostatic capacity. While determining said hemodynamics 
parameter, it is characterized by what the voltage waveform between the both-ends children of said 1st 
electrostatic capacity is made into said aortic pressure wave for. 

[0029] A configuration according to claim 9 is a pulse wave [ in / in said living body's condition / the peripheral 
section of said arterial system ] in claim 1 and a configuration according to claim 4 to 8. Said blood-pressure 
calculation means When the electrical signal corresponding to said living body's systemic-heart room pressure 
is given between said input terminals, it is characterized by determining the value of each component which 
constitutes said 5 element lumped model so that the electrical signal corresponding to the wave of said pulse 
wave may be acquired from said output terminal. 

[0030] A configuration according to claim 10 has a strain calculation means by which said living body's 
condition is a pulse wave in the peripheral section of said arterial system, and computes the strain of this pulse 
wave from the wave of said pulse wave in claim 1 and a configuration according to claim 4 to 8, and said blood- 
pressure calculation means is characterized by determining said hemodynamics parameter based on the 
correlation of said hemodynamics parameter and strain of said pulse wave. 

[0031] It is characterized by adjusting the value of said hemodynamics parameter by said blood-pressure 
calculation means so that a configuration according to claim 1 1 may have a stroke volume detection means to 
detect said living body's stroke volume, in claim 1 and a configuration according to claim 4 to 10 and the 
calculated value of the stroke volume obtained from said aortic pressure wave and the actual measurement of 
the stroke volume measured with said stroke volume measurement means may be in agreement. 
[0032] The configuration according to claim 12 is characterized by having a workload calculation means to 
compute the workload of said living body's heart based on said aortic pressure wave in claim 1 and the 
configuration according to claim 4 to 11. 

[0033] A configuration according to claim 13 is set in a configuration according to claim 4 to 12. It has a 
distinction means to distinguish whether the rate of change to the criteria heart rate which is a heart rate of the 
resting period of said detected heart rate exceeded the criteria heart rate rate of change set up beforehand. Said 
myocardium load characteristic calculation means Based on said distinction, when said rate of change is said 
more than criteria heart rate rate of change, it is characterized by computing a myocardium load characteristic 
based on said aortic root blood pressure and said detected heart rate. 

[0034] A configuration according to claim 14 has a peripheral section blood-pressure detection means to detect 
said living body's peripheral section blood pressure noninvasive, in a configuration according to claim 13, and 
said myocardium load characteristic calculation means is characterized by computing a myocardium load 
characteristic based on said peripheral section blood pressure and said detected heart rate based on said 
distinction, when said rate of change is said under criteria heart rate rate of change. 

[0035] A configuration according to claim 15 is set in claim 1 and a configuration according to claim 4 to 12, 
and is characterized by said myocardium load characteristic calculation means computing a myocardium load 
characteristic based on said aortic root blood pressure and said detected heart rate, when it is more than the 
parameter criteria rate of change that the rate of change to the criteria hemodynamics parameter which is said 
hemodynamics parameter in the predetermined timing of said computed hemodynamics parameter set up 
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[0036] A configuration according to claim 16 has a peripheral section blood-pressure detection means to detect 
said living body's peripheral section blood pressure noninvasive, in a configuration according to claim 15, and 
said myocardium load characteristic calculation means is characterized by computing a myocardium load 
characteristic based on said peripheral section blood pressure and said detected heart rate based on said 
distinction, when said rate of change is said under criteria parameter rate of change. The measurements process 
which measures said living body's condition that a configuration according to claim 17 contains between outline 
ejection phases based on the pattern of pulse wave of a living body's peripheral section, Based on said living 
body's condition, as a hemodynamics parameter showing the hemodynamics of an arterial system from said 
living body's central section to the peripheral section The analysis process which computes a hemodynamics 
parameter including aortic viscoelasticity, It has the main artery blood-pressure calculation process which 
computes the estimate of said living body's aortic root blood pressure based on said hemodynamics parameter. 
Said analysis process It faces computing said hemodynamics parameter and is characterized by using the 
ventriclus-sinister pressurization time amount which computed between said outline ejection phases as initial 
value. 

[0037] The measurements process to which a configuration according to claim 18 measures said living body's 
condition based on the pattern of pulse wave of a living body's peripheral section, Based on said living body's 
condition, as a hemodynamics parameter showing the hemodynamics of an arterial system from said living 
body's central section to the peripheral section The analysis process which computes a hemodynamics 
parameter including aortic viscoelasticity, The main artery blood-pressure calculation process which computes 
said living body's aortic root blood pressure based on said hemodynamics parameter, It is characterized by 
having the heart rate detection process of detecting said living body's heart rate, and the myocardium load 
characteristic calculation process which computes a myocardium load characteristic based on said aortic root 
blood pressure and said detected heart rate. 

[0038] A configuration according to claim 19 has the distinction distinction process that the rate of change to 
the criteria heart rate which is a heart rate of the resting period of said detected heart rate distinguishes whether 
the criteria heart rate rate of change set up beforehand was exceeded in a configuration according to claim 18. 
Based on said distinction, said myocardium load characteristic calculation process is characterized by 
computing a myocardium load characteristic based on said aortic root blood pressure and said detected heart 
rate, when said rate of change is said more than criteria heart rate rate of change. 

[0039] A configuration according to claim 20 has the peripheral section blood-pressure detection process of 
detecting said living body's peripheral section blood pressure noninvasive, in a configuration according to claim 
18, and said myocardium load characteristic calculation process is characterized by computing a myocardium 
load characteristic based on said peripheral section blood pressure and said detected heart rate based on said 
distinction, when said rate of change is said under criteria heart rate rate of change. 

[0040] The configuration according to claim 21 is characterized by having the heart rate detection process of 
detecting said living body's heart rate, and the myocardium load characteristic calculation process which 
computes a myocardium load characteristic based on the estimate and said detected heart rate of said aortic root 
blood pressure in the configuration according to claim 17. 

[0041] The configuration according to claim 22 is characterized by having the heart rate detection process of 
detecting said living body's heart rate based on said pattern of pulse wave, and the myocardium load 
characteristic calculation process which computes a myocardium load characteristic based on the estimate and 
said detected heart rate of said aortic root blood pressure in the configuration according to claim 17. 
[0042] A configuration according to claim 23 is set for a living body condition measuring method according to 
claim 17 to 22, and is characterized by said myocardium load characteristic calculation process computing a 
myocardium load characteristic for the parameter criteria rate of change which the rate of change to the criteria 
hemodynamics parameter which is said hemodynamics parameter in the predetermined timing of said computed 
hemodynamics parameter set up beforehand based on said aortic root blood pressure and said detected heart rate 
in the above case. 

[0043] A configuration according to claim 24 has the peripheral section blood-pressure detection process of 
detecting said living body's peripheral section blood pressure noninvasive, in a configuration according to claim 
23, and said myocardium load characteristic calculation process is characterized by computing a myocardium 
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load characteristic based on said peripheral section blood pressure and said detected heart rate based on said 

distinction, when said rate of change is said under criteria parameter rate of change. 

[0044] 

[Embodiment of the Invention] Next, the suitable operation gestalt of this invention is explained with reference 
to a drawing. 

With reference to a drawing, the 1st operation gestalt of this invention is explained below the 1st operation 
gestalt. 

[0045] [1] The configuration block Fig. of the blood-pressure-measurement equipment as a living body 
condition measuring device by the 1st operation gestalt is shown in the outline block diagram 1 of blood- 
pressure-measurement equipment. With a **** 1 operation gestalt, the hemodynamics parameter of the arterial 
system of the body is evaluated based on the information acquired from the body by the non-invasive sensor, 
and although the highest blood pressure in the central section, the lowest blood pressure, a myocardium load 
characteristic, and a cardiac work are computed based on the obtained hemodynamics parameter, suppose that it 
mentions later about the concrete contents of the hemodynamics parameter. 

[0046] Pulse wave detection equipment 1 detects a test subject's blood pressure through the cuff band SI with 
which a test subject's overarm section was equipped while detecting a radial-artery wave through the pressure 
sensor S2 with which a test subject's wrist was equipped, as shown in drawing 2 . And the measured radial- 
artery wave is proofread with blood pressure, and it outputs as an analog electrical signal. This analog signal is 
inputted into the A/D (analog to digital) transducer 3, and is changed into a digital signal for every 
predetermined sampling period. 

[0047] As shown in drawing 2 , it connects with the cuff band SI, and the stroke volume measuring instrument 
2 measures the stroke volume which is an amount of the blood which flows out of the heart by 1 time of ** 
through this cuff band SI, and outputs it with a digital signal by using that measurement result as stroke volume 
data. As this kind of a measuring instrument, the equipment which measures by the so-called contraction stage 
area method can be used. 

[0048] The microcomputer 4 contains the wave memory for storing the pattern of pulse wave incorporated from 

A/D converter 3, and the temporary storage memory as a working area. And a microcomputer 4 performs 

various kinds of processings as shown in drawing 6 according to the command issued from the keyboard 5 

which is an input device, and outputs the result obtained from these processings to an output unit 6. 

[0049] Here, only the outline of processing is explained and suppose that it explains in full detail in the case of 

explanation of operation about the detail of those processings. 

** Measurement data reading processing of a pulse wave (step SI) 

a) Incorporate the time series digital signal of a radial-artery wave acquired through A/D converter 3 in built-in 
wave memory (illustration abbreviation). 

b) the radial-artery wave incorporated to wave memory — " — equalize to every **" and search for the radial- 
artery wave (it is hereafter called an average wave) corresponding to one beat. 

[0050] ** Measurement data reading processing of stroke volume (step S2) 

** parameter calculation processing in which stroke volume data are incorporated to the temporary storage 
memory of microcomputer 4 built-in (step S3) 

It asks for the formula showing the radial-artery wave corresponding to one beat, and each parameter of the 
electric model corresponding to an arterial system is computed based on this formula. 
[0051] ** Data calculation processing (step S4) 

From the obtained hemodynamics parameter, while asking for the pattern of pulse wave in an aortic root, the 
highest-blood-pressure value in an aortic root, a lowest-blood-pressure value, the myocardium load 
characteristic WP, and the workload of the heart are computed. 
** Output processing (step S5) 

The obtained hemodynamics parameter, a highest-blood-pressure value, a lowest-blood-pressure value, the 

myocardium load characteristic WP, and the workload of the heart are outputted to an output unit 6. 

[0052] [2] Explain the detail configuration of an output unit, next the detail of an output unit 6 with reference to 

drawing 1 . The observation blood-pressure display 61 displays the highest blood pressure, the lowest blood 

pressure, and mean blood pressure which were surveyed based on the radial-artery wave. 

[0053] The central section presumption blood-pressure display 62 displays the mean blood pressure E01 of the 
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central section called for by processing mentioned later, highest-blood-pressure Em', and the lowest blood 
pressure Eo. The alarm display section 63 is constituted by two or more LED arranged by the horizontal single 
tier, and turns on these LED corresponding to the difference of the highest blood pressure and highest-blood- 
pressure Em' of the central section which were surveyed. 

[0054] That is, if both difference is **10 or less mmHgs, green LED of "NORMAL" is turned on, and when a 
difference exceeds **10mmHg, LED of the red of "CAUTION" will be turned on. 

[0055] The parametric representation section 64 will display these parameters, if electrostatic capacity Cc, 
electric resistance Rc, an inductance L, electrostatic capacity C, electric resistance Rp, the ventriclus-sinister 
pressurization time amount ts, the time amount tp of one beat, stroke volume S V, and a cardiac work Ws are 
supplied from a microcomputer 4. In addition, about the detail of these parameters, it mentions later. CRT 
display 67 displays various kinds of waves, such as a radial-artery wave, a ventriclus-sinister pressure wave 
form, and an aortic pressure wave. 

[0056] A printer 65 prints out in a form various kinds of data displayed on the observation blood-pressure 
display 61, the central section presumption blood-pressure display 62, the alarm display section 63, and the 
parametric representation section 64, and the wave displayed on CRT display 67, if the print command carbon 
button 66 is pushed. 

[0057] The myocardium load characteristic display 68 displays the myocardium load characteristic WP called 
for by processing mentioned later. Here, the meaning which performs an alarm display in the alarm display 
section 63 is explained. 

[0058] As drawing 22 - drawing 24 were explained previously, there are three types of presumed aortic pressure 
wave-like and radial-artery wave-like highest-blood-pressure differences. And the test subject whose pattern of 
pulse wave is the 1st type ( drawing 22 ) has high possibility of being health people, and when it is the 2nd and 
3rd types, many test subjects have a certain disease. 

[0059] For example, the 2nd type ( drawing 23 ) has high possibility of resulting from the abnormalities of a 
blood-flow condition and having diseases, such as an edema, an important disease, a respiratory illness, a 
gastrointestinal disease, and an inflammatory disease. Moreover, the 3rd type has high possibility of resulting 
from the rise of the tonus of a blood vessel wall, and having a **** disease, skin disease, hypertension, a pain 
nature disease, etc. 

[0060] Then, if it is in this operation gestalt, when a highest-blood-pressure difference is considered to be 
unusual, suppose that red LED is made to turn on and an alarm display is performed. In addition, although it 
diagnosed based on the aortic pressure wave-like and radial-artery wave-like highest-blood-pressure difference 
if it was in the above-mentioned example, it may replace with a highest-blood-pressure difference, and a lowest- 
blood-pressure difference or an average blood pressure deficit may be used. Furthermore, it cannot be 
overemphasized that you may diagnose using all highest-blood-pressure differences, the lowest-blood-pressure 
differences, and average blood pressure deficits. 

[0061] [3] With the **** 1 operation gestalt, "5 Element lumped model" is newly adopted as an electric model 
of an arterial system about the 5 element lumped model. The inside of the factor which opts for the behavior of 
the circulatory system of the body in this 5 element lumped model, The vascular resistance by the inertia by the 
blood in the central section adopted by the 4 element lumped model which JP,6-205747,A (the name of 
invention: pulse wave analysis equipment) indicates, and the blood viscosity in the central section (viscous 
drag), Main artery compliance is added as a new parameter, and they carry out modeling to the compliance 
(viscoelasticity) of the blood vessel in the peripheral section, and four parameters of the vascular resistance 
(viscous drag) in the peripheral section, using these five parameters as an electrical circuit. In addition, 
compliance is an amount showing the consistency of a blood vessel. 

[0062] The circuit diagram of a 4 element lumped model is shown in drawing 3 (a), and the circuit diagram of a 
5 element lumped model is shown in drawing 3 (b). Hereafter, the correspondence relation between each 
component and each parameter which constitutes a 5 element lumped model is shown. 
Electrostatic capacity Cc : Main artery compliance [cm5/dyn] 

Electric resistance Rc : Vascular resistance by the blood viscosity in the arterial system central section [dyn- 
s/cm5] 

Inductance L: Inertia of the blood in the arterial system central section [dyn-s2/cm5] 

Electrostatic capacity C : Compliance of the blood vessel in the arterial system peripheral section [cm5/dyn] 
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Electric resistance Rp : Vascular resistance by the blood viscosity in the arterial system peripheral section [dyn- 
s/cm5] 

[0063] Here, the currents i, ip, ic, and is which flow each part in an electrical circuit are blood which flows each 
part which corresponds respectively. It is equivalent to a style [cm3/s]. Especially, Current i is a main artery 
blood flow, and Current is is a blood flow by which the ejection is carried out from the ventriclus sinister. 
Moreover, input voltage e is equivalent to systemic-heart room pressure [dyn/cm2], and an electrical potential 
difference vl is equivalent to the pressure [dyn/cm2] of an aortic root. Furthermore, the terminal voltage vp of 
electrostatic capacity C is equivalent to the pressure [dyn/cm2] in the radial-artery section. In addition, the diode 
D shown in drawing 3 (b) serves as ON (condition which the valve opened) in the period which is equivalent to 
an aortic valve and is equivalent to a contraction stage, and serves as OFF (condition which the valve closed) in 
the period equivalent to diastole. 

[0064] After not computing these five parameters at once but computing the parameter except electrostatic 
capacity Cc in a **** 1 operation gestalt using the 4 element lumped model currently indicated by the above- 
mentioned reference so that it may mention later, he is trying to determine electrostatic capacity Cc. Then, 
suppose that theoretical explanation about the behavior of a 4 element lumped model shown in drawing 3 (a) is 
given first. 

[0065] The following differential equation is materialized in the 4 element lumped model shown in this drawing 
(a). 

vl=Rci+L(di/dt)+vp ~ (1) 

Here, it is Current i. i=ic+ip=C(dvp/dt)+(vp/Rp) - (2) 
Since it can express, a formula (1) deforms like a degree type, 
v 1 =LC(d2 vp/dt2)+ { RcC+(L/Rp) } (dvp/dt) 
+ {1+ (Rc/Rp)} vp - (3) 

[0066] As everyone knows, the secondary constant multiplier general solution of an ordinary differential 
equation shown by the equation (3) is given by the sum of the particular solution (stationary solution) which 
satisfies an equation (3), and the transient solution with which are satisfied of the differential equation of a 
degree type. 

0=LC(d2vp/dt2)+ { RcC+(L/Rp) } (dvp/dt) 
+ {l+(Rc/Rp)} vp-(4) 

[0067] Next, the solution (4) to is acquired as follows. First, the damping-oscillation wave expressed by the 
degree type as a solution (4) to is assumed. 
vp=exp (st) — (5) 

If a formula (5) is substituted for a formula (4), a formula (4) will deform as follows. 
[LCs2+{RcC+(L/Rp)} s+{l+ (Rc/Rp)}] vp=0 (6) 

[0068] If a formula (6) is solved about s s=[-{RcC+(L/Rp)} **root{ (RcC+(L/Rp)} 2 -4LC { l+(Rc/Rp)} }] / 
2LC - (7) 

It becomes. In a formula (7) {RcC+(L/Rp)}2<4LC { 1+ (Rc/Rp)} ~ (8) 

It comes out, and in a certain case, the inside of radical root of the 2nd term serves as negative, and s is as 
follows. 

s=[-{RcC+(L/Rp)}**j root (4LC {1+ (Rc/Rp)}) 
- {RcC+(L/Rp)}2]/2LC jomega of =-**** - (9) 

[0069] Here, an attenuation factor is set to alpha and angular frequency is set to omega. alpha={RcC+ (L/Rp)} / 

2LC = (L+RpRcC) / 2LCRp - (10) 

omega= [root {4LC{ l+(Rc/Rp)}-{RcC+(L/Rp)} 2}] 

/2LC-(11) 

It comes out. and — A1=LC — (12) 
A2= (L+RcRpC)/Rp - (13) 
A3= (Rc+Rp)/Rp - (14) 

If it sets, a formula (10) and a formula (1 1) can be expressed as follows, 
alpha- (A2/two Al) - (15) 
omega=root {(A3 / Al) -alpha2} - (16) 

[0070] Thus, the value of s is decided and the solution with which are satisfied of a differential equation (4) is 
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acquired. By being based on the above knowledge, a formula (5) can be used as a formula which approximates 
the damping-oscillation component contained in the response waveform of a 4 element lumped model. Next, the 
modeling of the pressure wave form in an aortic root is performed. Generally, the pressure wave form of an 
aortic root is the time amount [ in / it is a wave like the thick wire of drawing 4 , and / this drawing ] tp. The 
wave-like time amount for one beat and time amount ts are the pressurization time amount of the ventriclus 
sinister. In a 4 element lumped model, it will approximate by the triangular wave which shows this pressure 
wave form to drawing 5 . Supposing an approximation wave amplitude and time amount are expressed with Eo, 
Em, tp, and tpl in drawing 5 , the aortic pressure vl in the time amount t of arbitration is expressed with the 
following formulas. Here, Eo(es) are the lowest blood pressure (diastolic blood pressure) and time amount until 
as for pulse pressure and (Eo+Em) highest blood pressure (systolic blood pressure) and tp become the time 
amount of one beat and, as for tpl, the standup of aortic pressure to a pressure becomes [ Em ] a lowest-blood- 
pressure value. Section of 0 <=t<tpl: vl=Eo+Em { 1- (t/tpl)} - (17) 
Section of tpl <=t<tp: vl=Eo - (18) 

[0071] And the response waveform vp (namely, radial-artery wave) when inputting into the equal circuit of 
drawing 3 (a) the electrical potential difference vl expressed by a formula (17) and the formula (18) is as 
follows. Section of 0 <=t<tpl: vp=Emin+B(l-t/tb)+Dmlexp (-alphat) 

- sin (omega t+theta 1) 
-- (19) 

Section of tpl <=t<tp: vp=Emin+Dm2, exp {-alpha (t-tpl)} 
xsin {omega(t-tpl)+theta2} - (20) 

[0072] Here, Emin is the minimum blood-pressure value (see the Fig. 1111 mentioned later) in the radial-artery 
wave which pulse wave detection equipment 1 measures. It is the damping-oscillation component of the 
formula (5) which the 3rd term of the right-hand side in a formula (19) and the 2nd term of the right-hand side 
in a formula (20) mentioned already, and alpha and omega in these terms are given by the formula (15) and the 
formula (16). In addition, B, tb, Dml, and Dm2 are constant values computed according to the procedure 
mentioned later. 

[0073] Next, things other than alpha already decided among each constant of a formula (19) and a formula (20) 
and omega are examined. First, a degree type will be obtained if an equation (17) and an equation (19) are 
substituted for a differential equation (3). 
Eo+Em{l-(t/tpl)} 

= { l+(Rc/Rp)} (Emin+B) -(B/tb) {RcC+(L/Rp)} t +{LC(alpha2-omega2) Dml-alphaDml {RcC+ (L/Rp)} 
+Dml{l+(Rc/Rp)}} 

- exp(-alphat) sin (omega t+theta 1) + {omegaDml{RcC+(L/Rp)}-2LCalphaomegaDml} 

- exp(-alphat) cos (omega t+theta 1) — (21) 

[0074] The following conditions are needed in order to materialize a formula (21). 
Eo+Em={ l+(Rc/Rp)} (Emin+B) 
= Eo+A3B-(B/tb) A2 - (22) 
(Em/tpl)=(B/tb){ l+(Rc/Rp)} 
= A3B/tb - (23) 

LC(alpha2-omega2)-alpha{RcC+(L/Rp)}+(l+Rc/Rp) =0 - (24) 
RcC+(L/Rp) =2LCalpha - (25) 

[0075] In addition, although a formula (24) and (25) restrain alpha and omega, alpha and omega which were 
already obtained by the formula (15) and the formula (16) satisfy these formulas. On the other hand, a degree 
type will be obtained if an equation (18) and an equation (20) are substituted for a differential equation (3). 
Eo= { l+(Rc/Rp)} Emin + [LC(alpha2-omega2) Dm2-alpha{RcC+(L/Rp)} Dm2 +{ l+(Rc/Rp)} Dm2] -exp{- 
alpha(t-tp 1 ) } sin { omega(t-tp 1 )+theta2 } 

+ [omega{RcC+(L/Rp)} Dm2-2LCalphaomegaDm2] -exp{-alpha(t-tpl)} cos {omega(t-tpl)+theta2} - (26) 
[0076] In order to materialize a formula (26), it is required to materialize a degree type in addition to a formula 
(24) and a formula (25) being materialized. 
Eo={ l+(Rc/Rp)} Emin=A3Emin - (27) 

Next, based on conditional-expression [ to materialize a differential equation (3) ] (22) - (25) and an equation 
(27), each constant of an equation (19) and an equation (20) is calculated. 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/19/2005 



JP,1 1-178802, A [DETAILED DESCRIPTION] 



Page 10 of 26 



[0077] First, Emin is obtained like [ formula / (27) ] a degree type. 
Emin= (EO/A3) - (28) 

Moreover, it is B from a formula (23). B=(tbEm)/(tpl A3) - (29) 

It becomes. Moreover, when a formula (29) is substituted for a formula (22) and it solves about tb, it is. tb=(tpl 
A3+A2)/(A3) ~ (30) 
It becomes. 

[0078] Furthermore, the value with which the remaining constants Dml, Dm2, thetal, and theta2 are satisfied of 
the value to which the radius arterial-wave form vp can maintain a continuity in t= 0, and tpl and tp -, i.e., 
condition [ which is shown in the following ] **, and ** is chosen. 

** ** w ith the differential coefficient of t=tpl in an in-agreement [ vp (tp) of an in-agreement / vp (tpl) of a 
formula (19) and vp (tpl) of a formula (20) / ** type (20) and vp (0) of a formula (19) ] ** type (19), and a 
formula (20) in agreement thing [0079 the differential coefficient of t= 0 of type (19) and whose differential 
coefficient in t=tp of a formula (20) correspond - ] Namely, Dml and thetal Dml=root (Dl 12+D122) / omega 
- (31) 

thetal=tan-l (D11/D12) - (32) 

The becoming value is chosen. It corrects. Dl I=(v01-B-Emin) omega — (33) 
D12=(v01-B-Emin) alpha+(B/tp)+ (iOl/C) - (34) 

It comes out, and it is and vOl and iOl are the initial value of vp and ic in t= 0. 
[0080] Moreover, Dm2 and theta2 Dm2=root (D212+D222) / omega - (35) 
theta2=tan-l (D21/D22) - (36) 

The becoming value is chosen. It corrects. D21= (v02-Emin) and omega — (37) 
D22=(v02-Emin) -alpha+ (i02/C) - (38) 

It comes out, and it is and v02 and i02 are the initial value of vp and ic in t=tpl. 

[0081] Thus, each constant of a formula (19) and a formula (20) was obtained. Now, it is vascular resistance RC 
by counting backward from the angular frequency omega of a formula (16). Rc= [L-2Rproot {LC (1- 
omega2LC)}]/CRp— (39) 

It becomes. Conditions which Rc is the real number and serve as forward here {4Rp2C}/{ l+(2omegaRpC) 2} 
<=L<= (l-/omega2C) - (40) 
It comes out. 

[0082] Generally, Rp is 103 [dyn-s/cm5] extent, C is 10-4 [cm5/dyn] extent, and omega is a pile to a pulse 
wave. Since it is the angular frequency of the oscillating component which is carrying out the tatami, you may 
conclude that it is more than ten (rad/s). For this reason, it can be considered that the minimum of a formula 
(40) is about l/(omega2C). Then, it is on an approximation target about L for simplification. L= l/(omega2C) — 
(41) 

It is Rc if it sets. Rc=L/(CRp) - (42) 
It becomes. 

[0083] Moreover, it is the attenuation coefficient alpha of a formula (15) from the relation of a formula (41) and 
a formula (42). alpha= l/(CRp) - (43) 

It becomes. If alpha, omega, and L express the remaining parameters of a 4 element lumped model using the 
relation between a formula (41) - a formula (43) Rc=alphaL — (44) 
Rp= (omega2 L/alpha) - (45) 
C= l/(omega2L) - (46) 

It becomes. It is clearer than these formulas (44) - a formula (46) a parameter's to decide by obtaining alpha, 
omega, and L. 

[0084] Here, alpha, omega, B, and tb are obtained from the observation wave of a radial-artery wave so that it 
may mention later, and L can be computed based on stroke volume SV. The calculation procedure of L based 
on stroke volume SV is explained below. First, the average E01 of the pressure wave of an aortic root is given 
by the degree type. 
E01= {Eotp+ (tplEm/2)}/tp - (47) 

On the other hand, a degree type is materialized between Rc, Rp, alpha, omega, and L. 
Rc+Rp=alpha L+(omega2 L/alpha) = (alpha2+omega2) L/alpha - (48) 

[0085] And since the average current which flows a 4 element lumped model, i.e., the thing which did the 
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division of the average E01 by (Rc+Rp), is equivalent to the average (SV/tp) of the blood flow which flows an 
artery by pulsation, a degree type is materialized. 
SV/tp=(alpha)/{(alpha2+omega2)L} (1/tp), {Eotp+ (tplEm/2)} 
-- (49) 

[0086] Thus, by solving the obtained formula (49) about L, it is obtained as the formula for asking for stroke 
volume SV to L is a degree. 

L= alpha- {Eotp+ (tplEm/2)} /{(alpha2+omega2) SV} -- (50) 

In addition, by measuring a blood stream, the value equivalent to the average current (1/tp) in a formula (49) 
{Eotp+ (tplEm/2)} may be calculated, and an inductance L may be computed based on this result. As 
equipment which measures a blood stream, what is depended on the impedance method, the thing to depend on 
a Doppler method are known. Moreover, there are a thing using a supersonic wave, a thing using laser, etc. in 
the blood stream measuring device by the Doppler method. 

[0087] [4] Perform principle explanation of the calculation approach of a hemodynamics parameter, next 
theoretic explanation of the calculation approach of a hemodynamics parameter based on a 5 element lumped 
model. As touched previously, since Rc, Rp, C, and L in a hemodynamics parameter are determined using a 4 
element lumped model, they determine the value of electrostatic capacity Cc based on these parameters. 
Therefore, it is necessary to ask for the current i in drawing 3 (b), Current is, an electrical potential difference 
vl, an electrical potential difference vp, etc. 

[0088] First, it approximates by the sine wave as shows the ventriclus-sinister pressure wave form e to drawing 
4 . That is, it sets with omega s=pi/ts and the ventriclus-sinister pressure wave form e is expressed with a degree 
type. 

e=Em* sinomegast — (51) 

Here, Em' is highest blood pressure, and if it says by drawing 5 (Em+Eo), it corresponds, hereafter, it is shown 
in drawing 4 -- as -- time amount t - the contraction stage of tl <=t<t2, and t2<=t -- < (tp+tl) -- diastole — a 
case — dividing — carrying out — explaining — things — ** — carrying out . Here, time of day tl and time of day 
t2 are the time of day in the intersection of a ventriclus-sinister pressure wave form and an aortic pressure wave. 

[0089] [4.1] a contraction stage - in this case, while vl=e is materialized, about an electrical potential 
difference vl and Current i, a formula (1) and a formula (2) are materialized, respectively. Therefore, the 
differential equation shown below is materialized from an equation (1) - an equation (3), an equation (12) - an 
equation (14), and an equation (51). 
Al(d2 vp/dt2)+A2(dvp/dt)+A3 vp=Em , sinomegast - (52) 

[0090] Then, the stationary solution vpst of this differential equation is first calculated like a 4 element lumped 
model. Therefore, the stationary solution vpst is assumed like a degree type. 
vpst=El cosomegast+E 2sinomegast — (53) 

The following two formulas are obtained by substituting a formula (53) for vp of a formula (52), and comparing 
a multiplier. 

(A3, omegas2Al) El+omegasA2E2=0 - (54) 

- omegas A2El+( A3 -omegas2Al) E2=Em' - (55) 

[0091] These formulas are solved El=(-omegasA2Em')/{ (omegas A2) 2+(A3 -omegas2Al) 2} - (56) 
E2= {(A3 -omegas2Al) Em 1 } /{(omegasA2) 2+(A3 -omegas2Al) 2} 

- (57) 

[0092] Next, the transient solution vptr of the differential equation of an equation (52) is calculated. Therefore, 
vptr=exp (lambdat) 

It sets and substitutes to vp of a degree type. 
Al(d2 vp/dt2)+A2(dvp/dt)+A3vp=0 - (58) 
Thereby, a degree type is obtained. 
Allambda2+A2 lambda* A 3= 0 - (59) 

[0093] Then, a degree type will be obtained if this formula is solved about lambda. lambda={-A2**root(A22- 

4A1 A3)}/(two Al) = {-A2/(two Al)} **root [{A2/(two Al)}2- (A3 / Al)] - (60) 

[0094] here - { A2/(two Al)} 2 - < (A3 / Al) - ** - carrying out (oscillation mode) — a degree type is 
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obtained. 

lambda=-A2/(two Al)**jroot [(A3 / Al) -{ A2/(two Al)} 2] 

= -beta l**j omega 1 — (61) 

[0095] At this time betal=A2/(two Al) (62) 

omegal=root (A3/Al-betal2 ~ (63)) 

It comes out. 

[0096] Here, the transient solution vptr is further placed like a degree type. 
vptr=(al cosomegal t+ja2sinomegalt) exp (-beta It) — (64) 

Then, since an electrical potential difference vp is expressed with the sum of a stationary solution and a 
transient solution, it is given by a formula (53) and the formula (64) by the degree type. 
vp=(El cosomegast+E 2sinomegast)+ (alcosomegal t+ja2sinomegalt) exp (-betalt) — (65) 
[0097] Moreover, Current i is acquired like a degree type by substituting a formula (65) to a formula (2). 
i=(El-/Rp+omega sCE2) cosomegast+(-omegasCcEl+E2/Rp) sinomegast+ [[{(1-betalCRp) /Rp} cosomegal t- 
omega lCsinomegalt] al+j[omegalCcosomegalt+{(l-betalCRp) /Rp} sinomegalt] a2] exp (-betalt) -- (67) 
[0098] Next, vp at the time of t=tl and i are respectively assumed like a degree type as v02 and iO. 
i0=J0+(alJl+ja2J2) exp (-betaltl) - (68) 
v02=P0+(alPl+ja2P2) exp (-betaltl) - (69) 

Then, the following formulas are materialized from a formula (65) - a formula (69). 
J0=(El-/Rp+omega sCE2) cosomegastl+-omegasCEl+E2/Rp 

- sinomegastl — (70) 

Jl= {(1-betalCRp) /Rp} cosomegal tl-omegalCsinomegaltl — (71) 
J2=omegalCcosomegaltl+{(l-betalCRp) /Rp} sinomegaltl - (72) 
P0=Elcosomegastl+E2sinomegastl — (73) 
Pl=cosomegaltl — (74) 
P2=sinomegaltl - (75) 

[0099] Moreover, it is as follows when a formula (68) - a formula (69) are solved about al and a2. 
al=[{(v02-P0)J2-(i0-J0)P2}/(J2Pl-JlP2)] 

- exp (betaltl) - (76) 
a2=[{-(v02-P0)Jl+(i0-J0)Pl } 

/{j (J2P1-J1P2)}], exp (betaltl) - (77) 

[0100] Furthermore, it turns out that the relation of a formula (71) - a formula (75) to a degree type is 
materialized. 

J2Pl-JlP2=omegalC - (78) 

Therefore, if a formula (76) - a formula (77) are substituted for a formula (64) and a formula (78) is used in that 
case, a degree type will be obtained as a transient solution vptr. 
vptr=[(v02-P0) cosomegal(t-tl)-[- {(1-betalCRp) - 

- v02-P0-Rp(i0-J0)}, {sinomegal (t-tl)} 
] 

/(omegalCRp)]exp(betaltl) exp (-betalt) - (80) 
[0101] It is here. Bl tr=v02-P0 - (81) 
t' =t-tl - (82) 

B-2tr=-{ (1-betalCRp) (v02-P0)-Rp(i0-J0) } 
/(omegalCRp) - (83) 

When it sets, it is. vptr= (Bltrcosomegalt , +B-2trsinomegalt') exp (-betalt 1 ) 
[0102] After all, a formula (65) becomes like a degree type. 

vp=(El cosomegast+E 2sinomegast)+ (Bltrcosomegalt'+B-2trsinomegalt') exp (-betalt') 

- (85) 

[0103] Next, it sets at a ceremony (67) mentioned above. Dlst=(El/Rp)+omegasCE2 - (86) 
D2st=-omegasCEl+ (E2/Rp) - (87) 
Dltr={(l-betalCRp) /Rp} Bl tr+omega lCB2tr - (88) 
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< 

D2tr=-omegalCBltr+{(l-betalCRp) /Rp} B-2 tr -- (89) 
It carries out. 

[0104] Then, it is a current i. i= (Dl stcosomegast+D 2stsinomegast) 
+ Dltrcosomegalt'+D2trsinomegalt'exp (-betalt') 

* 

[0105] Moreover, current is is=Cc(dvl/dt)+ i=omega sCcEm'cosomegast+i — (91) 
It is obtained by carrying out. 

[0106] [4.2] In diastole diastole, the current which Diode D becomes off, and the systemic-heart room pressure 
e is no longer impressed in the circuit by the side of the cathode of Diode D, and flows electrostatic capacity CC 
has Current i and equal magnitude, and it becomes the current of hard flow. Therefore, while an electrical 
potential difference vl is expressed with the formula (1) mentioned above, Current i and Current ic are 
expressed with the following formulas, respectively. 
i=-Cc (dvl/dt) -- (92) 
ic=C (dvp/dt) -- (93) 

[0107] Therefore, electrical potential difference vp vp=Rp(i-ic) =-Rp{Cc(dvl/dt)+C(dvp/dt)} 

-- (94) 

It becomes. 

[0108] moreover, i-ic=ip=vp/Rp it is — since — i=vp/Rp+C (dvp/dt) — (95) 
It becomes. 

[0109] Next, a degree type will be obtained, if a formula (95) is substituted for a formula (1) and the both sides 

of the obtained formula are differentiated by time amount t. **. 

dvl/dt=LC(d3vp/dt3) 

+(L/Rp+CRc)(d2vp/dt2) 

+ Rc/Rp +1 (dvp/dt) -- (96) 

[01 10] Moreover, a degree type is drawn from a formula (92) and a formula (95). 
dv l/dt=- { vp/Rp+C (dvp/dt) } / Cc -- (97) 

And a degree type is obtained from a formula (96) and a formula (97). 
LC(d3 vp/dt3)+ { (L+CRcRp)/Rp } (d2vp/dt2) 
+ {(CcRc+CcRp+CRp)/CcRp} (dvp/dt) 
+ {l-/(CcRp)} vp=0~ (98) 

[01 1 1] Therefore, deformation of this formula obtains a degree type. 

(d3 vp/dt3)+A 1 '(d2vp/dt2) 

+ A2'(dvp/dt)+A3'vp=0 - (99) 

It is here. Al'=(L+CRcRp)/(LCRp) -- (100) 

A2'=(CcRc+CcRp+CRp)/(LCcCRp) -- (101) 

A3'=l/(LCcCRp) -- (102) 

[01 12] Next, it sets with vp=exp (lambdat), and a degree type will be obtained if this is substituted to a formula 
(99). 

(Iambda3+Al'lambda2+A2'lambda+A3') exp(lambdat) =0 -- (103) 

Furthermore, the following definitions are performed. 

p=(Al'2/9)- (A273) -- (104) 

q=-Al , 3/27+(Al , A2')/6-A372 (105) 

u= {q+root (q2-p3)} 1/3 -- (106) 

v= {q-root (q2-p3)} 1/3 - (107) 

alpha'=-(u+v)+Al'/3 -- (108) 

Two+Al' [ beta2=(u+v) /]/3 - (109) 

omega2=(u-v)root (3)/2 -- (110) 

lambdal=-alpha'--(lll) 

lambda2=-beta2+jomega2 — (112) 

lambda3=-beta2-jomega2 - (113) 

In addition, it is the oscillation mode if it is >(q2-p3) 0. 
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[0113] And an electrical potential difference vp is assumed still like a degree type. 
vp=blexp(- alpha't)+b2exp{(-beta2+jomega2) t} 
+ b3exp {(-beta2-jomega2) t} -- (114) 

[01 14] Then, Current i deforms like a degree type by substituting a formula (1 14) to a formula (95). 
i=g0blexp (- alpha't) +(gl+jg2) b2exp {(-beta2+jomega2) t} +(gl-jg2) b3exp {(-beta2-jomega2) t} -- (115) 
[0115] It is here. g0= (l-alpha'CRp)/Rp -- (116) 
gl= (l-beta2CRp)/Rp -- (117) 
g2= (omega2CRp)/Rp --(118) 

[01 16] Therefore, an electrical potential difference vl becomes like a formula (1 15) to a degree type. 
vl=- (1-/CC) integrali dt =f0blexp (- alpha't) 

+ fl+jf2b2exp {(-beta2+jomega2) t} +(fl-jf2) b3exp {(-beta2-jomega2) t} ~ (119) 
[0117] It is here. f0=g0/(alpha'Cc) -- (120) 
fl=(beta2gl-omega2g2)/{(beta22+omega22) Cc} - (121) 
f2=(omega2gl+beta2g2)/{(beta22+omega22) Cc} - (122) 

Next, in order to attain simplification of count, in future explanation, time of day t2 shown in drawing 4 is made 
into t= 0 and Lycium chinense. And if the electrical potential difference vl in t= 0, an electrical potential 
difference vp, and Current i are respectively set to vOl, v02, and iO, these will be obtained as follows by t= 0 
and Lycium chinense in t of a formula (1 19), a formula (1 14), and a formula (115). 
v01=f0bl+(fl+jf2) b2+(fl-jf2) b3 -- (123) 
v02=bl+b2+b3 - (124) 
i0=g0bl+(gl+jg2) b2+(gl-jg2) b3 - (125) 

[0118] Next, it is an electrical potential difference vp by transforming the 2nd term and the 3rd term in a 
formula (114). It becomes like a degree type. 

vp=bl exp(- alpha't)+ {(b2+b3) cosomega2t +j(b2-b3) sinomega2t} exp (-beta2t) =B0exp (- alpha't) 

+ Blcosomega2t+B-2sinomega2texp (-beta2t) — (126) 

[0119] It is here. B0=bl =v02-(klg2-k2f2)/(k4g2-k3f2) - (127) 

Bl=b2+b3 =(klg2-k2f2)/(k4g2-k3f2) - (128) 

B-2=j(b2-b3) =(k2k4-klk3)/(k4g2-k3f2) - (129) 

Come out and it is. kl=v01-f0v02 - (130) 

k2=i0-g0v02 - (131) 

k3=gl-g0 - (132) 

k4=fl-f0 -- (133) 

It comes out. 

[0120] Subsequently, vp of a formula (126) By substituting to a formula (2), Current i is as follows. 
i=D0exp (- alpha't) 

+ Dlcosomega2 t+D2sinomega2t exp (-beta2t) — (134) 
It is here. D0= {(1-alpha'CRp) /Rp} B0 - (135) 
Dl={(l-beta2CRp) /Rp} Bl+omega2CB2 -- (136) 
D2=-omega2CBl+{(l-beta2CRp) /Rp} B-2 -- (137) 

[0121] Therefore, a formula (134) to electrical potential difference vl vl=- (1-/CC) integralidt =H0exp (- 
alpha't) 

+ Hlcosomega2 t+H2sinomega2texp (-beta2t) ~ (138) 
It becomes. It is here. H0=D0/(alpha'Cc) - (139) 
Hl=(beta2Dl+omega2D2)/{ (beta22+omega22) Cc } - (140) 
H2=(-omega2Dl+beta2D2)/{(beta22+omega22) Cc} -- (141) 

[0122] As mentioned above, time of day t2 was set to t= 0 in the above explanation. Then, in order to set a time 
scale, t-> (t-t2) is replaced. Thereby, an electrical potential difference vl, an electrical potential difference vp, 
and Current i are respectively searched for as follows from a formula (138), a formula (126), and a formula 
(134). 

vl=H0exp {-alpha' (t-t2)} + {Hlcosomega2(t-t2)+H2sinomega2 (t-t2)} 
- exp {-beta2 (t-t2)} 

= H0exp {-alpha' (t-t2)} + [Hmsin {omega2(t-t2)+phi21 }] 
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-exp {-beta2 (t-t2)} -(142) 

vp = BOexp {-alpha' (t-t2)} + {Blcosomega2(t-t2)+B-2sinomega2 (t-t2)} 

- exp {-beta2 (t-t2)} = BOexp {-alpha* (t-t2)} + [Bmsin {omega2(t-t2)+phi22}] 
-exp {-beta2 (t-t2)} -(143) 

i=D0exp {-alpha 1 (t-t2)} + {Dlcosomega2(t-t2)+D2sinomega2 (t-t2)} 

- exp {-beta2 (t-t2)} =DOexp {-alpha' (t-t2)} + [Dmsin {omega2(t-t2)+phi23}] exp {-beta2 (t-t2)} 

- (144) 

[0123] It is here. Hm=root (H12+H22) - (145) 

phi21=tan-l (H1/H2) - (146) 

Bm=root (B12+B22) - (147) 

phi22=tan-l (B1-/B-2) - (148) 

Dm=root (D12+D22) - (149) 

phi23=tan-l (D1/D2) - (150) 

[0124] Incidentally, the current is in diastole is "0." Subsequently, the theoretical value of stroke volume SV is 
calculated. Since it is given in the area of the current is in a contraction stage, stroke volume SV is obtained by 
integrating with the current is shown by the formula (91) about time of day tl - time of day t2. namely, — 
SV=integraltlt2isdt = {(omegaSCCEm'+Dlst) /omegaS} (sinomegaSt2-sinomegaStl) 

- D2st/omegaS (cosomegaSt2-cosomegaStl) 
+ [exp{-betal (t2-tl)}/(betal2+omegal2)] 

- {-(betalDl tr+omega lD2tr) cosomegal (t2-tl) 
+ omegalDl tr-beta lD2trsinomegal(t2-tl)} 

+ betalDltr+omegalD2tr/(betal2+omegal2) - (151) 

[0125] [5] Explain actuation of pulse wave analysis equipment, next actuation of the pulse wave analysis 
equipment by this operation gestalt with reference to drawing 6 thru/or drawing 12 . The flow chart which 
shows actuation of the pulse wave analysis equipment in the 1st operation gestalt to drawing 6 - drawing 10 is 
shown. 

[0126] Moreover, the wave form chart of an average wave obtained by equalization processing mentioned 
above to drawing 11 is shown. The wave form chart which contrasted the radial-artery wave furthermore 
acquired by parameter calculation processing later mentioned to drawing 12 and the average wave acquired by 
equalization processing is shown. Hereafter, suppose that explanation of operation is given with reference to 
these drawings. 

[0127] ** Measurement data reading processing of a pulse wave (step SI) 

(a) Facing evaluating a pulse wave reading processing hemodynamics parameter, the diagnostic person who 
takes charge of a diagnosis of a test subject makes a test subject carry the cuff band SI and a pressure sensor S2, 
as shown in drawing 2 , and inputs the command of measurement initiation from a keyboard 5. A 
microcomputer 4 answers this command and sends out measurement directions of a pulse wave to pulse wave 
detection equipment 1. Consequently, AID converter 3 outputs the time series digital signal with which pulse 
wave detection equipment 1 detects a radial-artery wave, and expresses this radial-artery wave. A 
microcomputer 4 incorporates this digital signal to built-in wave memory over fixed time amount (for about 1 
minute). Thus, the radial-artery wave for two or more beats is incorporated by wave memory. 
[0128] (b) Equalization processing, next a microcomputer 4 search for the average wave [ in / for the radial- 
artery wave for two or more beats / superposition and the above-mentioned fixed time amount ] per beat for 
every beat of every. And this average wave is stored in an internal memory as a representative wave form of a 
radial-artery wave. Thus, the created representative wave form Wl of an average wave is illustrated to drawing 
11. 

[0129] ** Stroke volume data taking-in processing (step S2) 

Subsequently, a microcomputer 4 sends measurement directions of stroke volume to the stroke volume 
measuring instrument 2. Consequently, the stroke volume measuring instrument 2 measures a test subject's 
stroke volume, and is incorporated to the temporary storage memory of built-in of that measurement result with 
a microcomputer 4. 

[0130] ** Parameter calculation processing (step S3) 

Next, based on a 4 element lumped model, four hemodynamics parameters except electrostatic capacity Cc are 
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determined among five hemodynamics parameters which constitute a 5 element lumped model. 
[0131] A microcomputer 4 performs the parameter calculation manipulation routine shown in drawing 7 - 
drawing 8 . In that case, alpha and omega calculation manipulation routine which are shown in drawing 9 are 
performed with activation of the routine concerned (steps S109 and SI 17), and it is **. Moreover, omega 
calculation routine shown in drawing 10 is performed with activation of the alpha concerned and omega 
calculation manipulation routine (step S203). 

[0132] Hereafter, the contents of processing of these routines are explained. It comes, whenever a 
microcomputer 4 is shown in drawing 11 . First, about the average wave of a radial artery blood pressure — max 

— becoming — the — one — a point — P — one — corresponding — time amount — t — one — ' — blood pressure — 
a value -- y - one — the — one - a point -- after - blood pressure once — falling — the -- two -- a point — 
corresponding — time amount — t — two — ' — blood pressure — a value — y — two — two — a position — a peak - 

- a point — it is — the — three — a point — P — three — corresponding — time amount — t — three — 1 - blood 
pressure — a value — y — three — one — a beat -- a part — time amount — tp — The lowest-blood-pressure value 
Emin (it is equivalent to the 1st term of the formula (3) mentioned above and a formula (4)) is calculated (step 
S101). 

[0133] In addition, a pulse wave is "gently-sloping", and if it is difficult P2 and to distinguish P3 the 3rd point 
the 2nd point, the time amount of the 2nd point and the 3rd point will be respectively assumed to be t2'=2tr and 
t3'=3tl f . Next, in order to simplify processing, normalization processing of the blood-pressure values yl-y3 is 
performed using the blood-pressure value yO of the A point shown in drawing 13 (steps S102 and S103), and 
the value of a B point is initialized to y0/(2)-0.1 (step S104). 

[0134] Subsequently, according to the following procedures, the optimum value of B, tb, alpha, and omega is 
determined. 

(a) It is B first "-(yO/2) y 0" 

It is made to change by ****** and is M -(tp/2) tp" about tb to coincidence. 

It is made to change by ****** j t j s ma de for B and tb to change all at +0.1 spacing in that case. And alpha and 
omega from which |vp(tl')-yl|, |vp(t2')-y2|, and |vp(t3>y3| become min are calculated about each of B and tb. 
[0135] (b) Calculate B, tb, alpha, and omega from which |vp(tl')-yl|, |vp(t2*)-y2|, and |vp(t3*)-y3| become min in 
B, tb, alpha, and omega which were calculated in (a). 

[0136] (c) On the basis of B and tb which were calculated in (b), about B**0.05 and tb, it is [ B ] the range of 
tb**0.05, and rerun processing of the above-mentioned (a) and (b). 

[0137] (d) The above (a) In the case of processing of - (c), alpha changes the range of 3-10 at 0.1 spacing, and 
computes optimal omega about each alpha. Moreover, omega is calculated in each alpha using dichotomy about 
the point used as dvp(t2')/dt=0 (see the flow chart of drawing 10 ). 

[0138] In addition, let initial value vol of a formula (33) be zero on the occasion of the operation of the value of 
vp in each above-mentioned processing. Finally B, tb, alpha, and omega are determined by the above 
processings. 

[0139] (e) Compute tpl, Em, and Eo based on a formula (28) - a formula (30), a formula (44) - a formula (46) 
(steps S123 and S124). 

(f) Compute the value of L based on measured stroke volume SV using a formula (50) (step S125), and ask for 
the remaining parameters Rc, Rp, and C from a formula (44) - a formula (46) (step SI 26). 
[0140] Next, based on a 5 element lumped model, the electrostatic capacity Cc which is the last hemodynamics 
parameter is determined. How to determine electrostatic capacity Cc that the approach of determining 
electrostatic capacity Cc that the calculated value and the actual measurement of stroke volume SV will be in 
agreement, and the lowest blood pressure of a count pulse wave and the lowest blood pressure of an observation 
pulse wave will be in agreement can be considered in that case. Then, a case is divided and explained about 
each approach. 

[0141] ** -1 The concrete approach for determining electrostatic capacity Cc that the calculated value and the 
actual measurement of stroke volume SV will be in agreement with the approach beginning which determines 
electrostatic capacity Cc (main artery compliance) that the calculated value and the actual measurement of 
stroke volume SV will be in agreement is explained. The value of electrostatic capacity Cc is first presumed like 
a degree type based on the electrostatic capacity C computed by the 4 element lumped model. Moreover, other 
hemodynamics parameters, i.e., the value of Rc, Rp, C, and L, use what was obtained by the 4 element lumped 
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model. 

Cc=10 and C - (153) 

Subsequently, the calculated value of stroke volume SV is computed by the formula (152) using these 
hemodynamics parameters. 

[0142] Suppose that the ventriclus-sinister pressurization time amount ts is presumed by the degree type from 
the time amount tp of one beat acquired by the 4 element lumped model in that case. 
ts=(1.52-1.079tp) tp - (154) 

This relational expression is an empirical formula obtained from the result of having measured the contraction 
time of the ventriclus sinister with the cardiac echo, and as shown in drawing 14 , -0.882 is obtained as a 
correlation coefficient. Moreover, about highest-blood-pressure Em', the value acquired by the 4 element 
lumped model is used (see a formula (22) and the formula (28)). 

[0143] Moreover, about time of day tl and time of day t2, it can ask from the relation of ventriclus-sinister 
internal pressure = aortic pressure. Furthermore, as mentioned above, since v02 and iO are the values of vp in 
t=tl, and i, they can obtain v02 and iO by substituting tl to t which exists in a formula (85) and a formula (90). 
Next, the stroke volume SV calculated value calculated as mentioned above determines that the value of 
electrostatic capacity Cc will be in agreement with the measured value incorporated from the stroke volume 
measuring instrument 2. That is, it is made to change from the initial value which calculated the value of 
electrostatic capacity Cc by the formula (153) within the limits of predetermined. And it investigates whether 
the measured value of stroke volume is compared with the calculated value calculated from the value of each 
electrostatic capacity Cc, and the integral part of measured value and the integral part of calculated value are in 
agreement. If coincidence is obtained by the integral part, it will be regarded as that measured value and whose 
calculated value corresponded, electrostatic capacity Cc will be determined, and parameter calculation 
processing will be completed. 

[0144] On the other hand, when coincidence is not obtained by the measured value and calculated value of 
stroke volume only by adjusting the value of electrostatic capacity Cc, the difference of the measured value of 
stroke volume and calculated value makes a final value the value of the electrostatic capacity Cc which was min 
in the value of the adjusted electrostatic capacity Cc. Subsequently, the value of highest-blood-pressure Em' is 
changed for every mmHg within the limits of **3mmHg, and the existence of coincidence with the measured 
value of stroke volume and calculated value is investigated like the above. If highest-blood-pressure Em' as 
which coincidence is regarded exists, parameter calculation processing will be finished using the value as final 
highest-blood-pressure Em 1 . 

[0145] On the other hand, even if it adjusts the value of highest-blood-pressure Em', when coincidence is not 
obtained by the measured value and calculated value of stroke volume yet, the value of Resistance Rp is 
adjusted further. Then, the difference of the measured value of stroke volume and calculated value makes a final 
value the value of highest-blood-pressure value Em' which was min in the value of adjusted highest-blood- 
pressure value Em'. Subsequently, Resistance Rp is made to fluctuate for example, in the unit of 10 [dyn- 
s/cm5], and the difference of the measured value of stroke volume and calculated value determines the smallest 
value as the value of the final resistance Rp. 

[0146] An example of a flow chart which realizes the process explained above is shown in drawing 31 . In 
addition, to the parameter changed within the limits of predetermined, "v" of a bottom subscript was attached to 
the parameter name from the first in the program. 

[0147] ** -2 The method of determining electrostatic capacity Cc that the lowest blood pressure of a count 
pulse wave and the lowest blood pressure of an observation pulse wave will be in agreement, next the method of 
determining electrostatic capacity Cc that the lowest blood pressure of a count pulse wave and the lowest blood 
pressure of an observation pulse wave will be in agreement are explained. In this case, electrostatic capacity Cc 
was determined conventionally, using the contraction stage time amount QT as initial value. 
[0148] As the calculation approach of the contraction stage time amount QT used as this initial value, 
conventionally, the contraction stage time amount QT was beforehand found from a test subject's 
electrocardiogram, and it was computing using the regression which finds the contraction stage time amount QT 
from the heart rate HR obtained from the electrocardiogram or the pattern of pulse wave. And the ventriclus- 
sinister pressurization time amount tsv is changed at "0.01 [sec]" spacing in the range of "QT+0.1[sec]" - 
"QT+0.2[sec]" to this contraction stage time amount QT acquired beforehand. Change highest-blood-pressure 
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Emv' to coincidence at intervals of "lmmHg" in the range of "Eo+Em-20 [mmHg]" - "Eo+Em +20 [mmHg]." 
That is, to each of these ventriclus-sinister pressurization time amount tsv and highest-blood-pressure Emv', 451 
kinds of combination was assumed and it was considering as the configuration which the electrostatic capacity 
Cc the lowest blood pressure of a count pulse wave and whose lowest blood pressure of an observation pulse 
wave correspond calculates in these class doubling. 

[0149] However, in the approach of finding the contraction stage time amount QT from the above-mentioned 
conventional electrocardiogram, the electrocardiogram needed to be extracted beforehand and there was a 
trouble that an equipment configuration will be enlarged and complicated. Moreover, in the approach of finding 
contraction time QT using regression from a heart rate HR, there was a trouble that it was difficult to ask for 
exact regression. 

[0150] The common pattern of pulse wave to drawing 33 is shown. By the way, since a pattern of pulse wave 
measures pulsation of the blood style produced by contraction and an escape of the heart in the peripheral 
section, the motion of the heart is reflected in the wave configuration. EED in drawing (Estimated Ejection 
Duration) is called between outline ejection phases, and supports the time amount by which blood flows out of 
the heart into 1 time of a heartbeat, as a result the contraction stage time amount QT. 
[0151] Then, in this operation gestalt, replace with this contraction stage time amount QT, and this outline 
ejection time EED is received using the outline ejection time EED (Estimated Ejection Duration). The 
ventriclus-sinister pressurization time amount tsv is changed at "0.01 [sec]' 1 spacing in the range of "EED+0.1 
[sec]" - "EED+0.2[sec]. M Highest-blood-pressure Emv' is changed to coincidence at intervals of "lmmHg" in 
the range of "Eo+Em-20 [mmHg]" - "Eo+Em +20 [mmHg]." 

[0152] That is, 451 kinds of combination will be assumed to each of these ventriclus-sinister pressurization time 
amount tsv and highest-blood-pressure Emv 1 . In these class doubling, the electrostatic capacity Cc the lowest 
blood pressure of a count pulse wave and whose lowest blood pressure of an observation pulse wave correspond 
is calculated. Consequently, since hemodynamics can be asked for a parameter using EED by the pressure pulse 
wave wave in a test subject's peripheral section own [ each ], an equipment configuration ~ an 
electrocardiograph becomes unnecessary — can be simplified, it can depend reflecting a test subject's 
hemodynamics, and the exact hemodynamics parameter can be computed. 

[0153] Next, when the sampling value of the count pulse wave in class doubling is set to PI (t) and the 
sampling value of an observation pulse wave is set to P2 (t), the wave average error epsilon in class doubling 
can be found by the bottom type. And the electrostatic capacity [ average error / epsilon / wave ] Cc in the case 
of being the smallest (main artery compliance) is adopted. An example of a flow chart which realizes the 
process explained above is shown in drawing 32 . 
Epsilon=sigmat=0tp(|P2(t)-P2(t) |)/(N) - (155) 

[0154] It means that all the hemodynamics parameters whose measured value and calculated value of stroke 

volume correspond as mentioned above were determined. Here, values, such as a hemodynamics parameter 

which computed the 32-year-old male from the radial-artery wave about the case where it considers as a test 

subject, are shown below. 

Electrostatic capacity Cc = 0.001213 [cm5/dyn] 

Electric resistance Rc = 98.768 [dyn-s/cm5] 

Inductance L = 15.930 [dyn-s2/cm5] 

Electrostatic capacity C = 0.0001241 [cm5/dyn] 

Electric resistance Rp = 1300.058 [dyn-s/cm5] 

Ventriclus-sinister pressurization time amount ts = 0.496 [s] 

Time amount tp of one beat = 0.896 [s] 

Stroke volume SV = 83.6 [cc/a beat] 

Highest-blood-pressure Em' = 117.44 [mmHg] 

Moreover, as for the count wave and observation wave of the radial artery for which it asked from the computed 
parameter, it turns out that it is well in agreement as shown in drawing 12 . 
[0155] ** Data calculation processing (step S4) 

Furthermore, an aortic pressure wave is searched for based on the value of the hemodynamics parameters L, C, 
Cc, Rc, and Rp etc. That is, if it is in a contraction stage and is in diastole using a formula (51), the wave of an 
electrical potential difference vl is calculated by using a formula (142) by one beat (namely, time of day 0 - 
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time of day tp or time of day tl - time of day (tl+tp)). 

[0156] And next, the value in the wave-like time of day tl of the obtained aortic root is computed from these 

formulas, and let the calculation result be the lowest-blood-pressure value Eo. next, the highest-blood-pressure 

value Em calculated previously — ' — the myocardium load characteristic WP is computed by multiplying by the 

heart rate HR (= 60/tp). 

WP=Em'xHR=Em , x (60/tp) 

[0157] ** Data output processing (step S5) 

Next, a microcomputer 4 outputs the hemodynamics parameters L, C, Cc, Rc, and Rp obtained by parameter 
calculation processing to an output unit 6, and displays them on an output unit. Moreover, the acquired count 
wave is outputted to an output unit 6, and the display of an aortic pressure wave is performed. Furthermore, 
highest-blood-pressure value Em' and the myocardium load characteristic WP are sent out to an output unit 6 
together with the lowest-blood-pressure value Eo, and these values are displayed on an output unit 6. 
[0158] [6] It can be said that it is the technique of having measured blood pressure to the tip side, such as the 
radial-artery section and the overarm section, and measuring the burden of the heart indirectly with 
conventional blood-pressure-measurement equipment in the conclusion of the 1st operation gestalt, and time. 
However, change of the burden of the heart is not necessarily reflected in the blood pressure by the side of a tip, 
and it cannot necessarily be said to be an exact thing to see the burden of the heart by the tip side. 
[0159] Since it is such, he presumes from the pattern of pulse wave which measured the blood-pressure wave of 
an aortic root (central section of an arterial system) by the tip side, and is trying to ask with a **** 1 operation 
gestalt, paying attention to an important thing, when the blood-pressure wave of the central section especially 
looks at the burden of the heart. And if the myocardium load characteristic WP is computed in the highest- 
blood-pressure value in an aortic root, and a lowest-blood-pressure value list, these values can serve as an index 
with which the burden of the heart is expressed directly from the presumed aortic pressure wave. 
[0160] Thus, according to this operation gestalt, the highest blood pressure by the side of a center, the lowest 
blood pressure, a myocardium load characteristic, and an aortic pressure wave can be shown to a diagnostic 
person or a test subject with various kinds of hemodynamics parameters. 

[0161] In addition, since a formula (51) shows the ventriclus-sinister pressure wave form itself, you may make 
it display a ventriclus-sinister pressure wave form on an output unit 6 instead of the aortic pressure wave 
mentioned above as a pressure wave form in the central section. 

[0162] With the 1st operation gestalt of the 2nd operation gestalt above, we decided to compute each value of a 
hemodynamics parameter from a radial-artery wave and stroke volume. However, since a test subject needs to 
carry the cuff band SI in order to detect stroke volume as mentioned above, it can be said to be a thing 
troublesome for a test subject. 

[0163] So, with a **** 2 operation gestalt, with the configuration of a radial-artery wave, the phenomenon in 
which aortic pressure changes is perceived, a wave-like configuration is represented with a distortion factor, and 
the blood-pressure value by the side of a center etc. is presumed. That is, with this operation gestalt, a 
hemodynamics parameter is derived based on distortion factor d obtained from a radial-artery wave. 
[0164] First, like the 1st operation gestalt, a microcomputer 4 carries out ** pulse wave reading processing and 
** equalization processing, and searches for the average wave for one beat of a radial-artery wave. Next, the 
Fourier analysis of a pulse wave is performed by performing well-known FFT (fast Fourier transform) 
processing to this average wave. And it asks for the amplitude Al of a fundamental wave, the amplitude A2 of 
the 2nd higher harmonic, amplitude A3 of the 3rd higher harmonic, — , the amplitude An of the n-th higher 
harmonic from the frequency spectrum obtained as a result of analysis. In addition, the value of n (n is the 
natural number) shall be suitably determined in consideration of the magnitude of the amplitude of a higher 
harmonic. And distortion factor d defined by the degree type based on such amplitude value is computed. 
Distortion factor d=(A22+A32+ - +An2)l/2/Al - (156) 

[0165] Subsequently, a hemodynamics parameter is presumed from obtained distortion factor d. In 
presumption, it carries out based on the knowledge that there is a correlation of considerable extent, between the 
distortion factor of a radial-artery wave, and each value of a hemodynamics parameter. That is, distortion factor 
d and a hemodynamics parameter are beforehand measured about many test subjects, and the relational 
expression between a distortion factor and each hemodynamics parameter is drawn. Here, an example of the 
correlation of distortion factor d and the measurement result of the hemodynamics parameters RC, Rp, L, and C 
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is shown in drawing 25 - drawing 28 . In addition, although not illustrated about the main artery compliance 
CC, it can ask for a correlation coefficient and relational expression as well as other four parameters. 
[0166] And based on the relational expression illustrated respectively, the hemodynamics parameters Rc, Rp, L, 
C, and Cc are calculated to distortion factor d computed by the above-mentioned formula (156), drawing 25 - 
drawing 28 . subsequently, the lowest-blood-pressure value Eo in an aortic root while searching for the wave for 
one beat of an aortic pressure wave from the computed hemodynamics parameter like output processing of ** in 
the 1st operation gestalt, and ** and the highest-blood-pressure value Em — ' — and the myocardium load 
characteristic WP is computed and these are displayed on up to an output unit 6. 

[0167] In addition to the highest-blood-pressure value in an aortic root, a lowest-blood-pressure value, or the 
myocardium load characteristic WP, from the blood-pressure wave of the aortic root for which it asked as 
mentioned above, a 3rd operation gestalt **** 3 operation gestalt computes the workload (it is hereafter called a 
cardiac work) of the heart, and displays this. 

[0168] This cardiac work is one index of expressing the burden of the heart, is defined by the product of stroke 
volume and aortic pressure, and converts the cardiac output per minute into a workload. Here, stroke volume is 
defined by the blood stream sent out from the heart by one pulsation, and is equivalent to the area of a blood- 
flow wave which comes out of the heart. This stroke volume has the area of the contraction stage of an aortic 
pressure wave, and correlation, and stroke volume can be calculated by applying a contraction stage area 
method to an aortic pressure wave. 

[0169] That is, the area S of the pattern of pulse wave of the part corresponding to the contraction stage of the 
heart is computed first. When the pattern of pulse wave of drawing 29 explains this, the part which attached 
hatching, the area, i.e., this drawing, of the field which comes to become depressed from the part of the standup 
of a pulse wave (notch), is equivalent to area S. Subsequently, if a predetermined constant is set to K, stroke 
volume SV is computable with a degree type. 

Stroke volume SV[ml] = area S[mmHg-s] x constant K [0170] On the other hand, a cardiac output is defined by 
the blood stream sent out in 1 minute from the heart. Therefore, a cardiac output is obtained by converting 
stroke volume in 1 minute. That is, a cardiac output is calculated by the product of stroke volume and a heart 
rate. In output processing of ** of the 1st operation gestalt or the 2nd operation gestalt, a microcomputer 4 
computes a cardiac work based on the computed ventriclus-sinister pressure wave form, and expresses to an 
output unit 6 as this operation gestalt. Other processings are the same as the 1st operation gestalt or the 2nd 
operation gestalt, and the explanation is omitted. 

[0171] Here, a microcomputer 4 computes a cardiac work Ws with the procedure shown below. First, if e-is 
defines ws, this will be computed like a formula (91) to a formula (51), a formula (90), and a degree type. 
ws=e-is =omegasCcEm'2sinomegastcosomegast + Em'sinomegast (Dl stcosomegast+D 2stsinomegast) + 
Em'sinomegast exp (-betalt') (Dltrcosomegalt'+D2trsinomegalt , ) - (157) 

[0172] If the 1st term in a formula (157), the 2nd term, and the 3rd term are set to wl, w2, and w3 here, 

respectively, each will deform like the following formulas. 

wl=(omegasCcEm'2/2) sin2omegast — (161) 

w2= (Em72) {Dlstsin2omegast-D2st (cos2omegast-l)} 

- (162) 

w3=(Em72) [Dltr{sin (omega st+omegalt') 

+ sin(omega st-omegalt')}-D2tr{cos (omega st+omegalt 1 ) 

- cos(omega st-omegalt')}] exp (-betalf) — (163) 

[0173] Next, it is 1 from a formula (82) It of It [ of omega st+omega ] =omega st+omega l(t-tl) = 
(omegas+omegal) t-omega. =omega at-phi — (164) 

It sets and is ltlof It [ of omega st-omega ] - (omegas-omega 1) t+omega =omega bt+phi. — (165) 
It sets. 

[0174] Namely, omega a=omega s+omega 1 — (166) 
omega b=omega s-omega 1 — (167) 
phi =omegaltl - (168) 
It comes out. 

[0175] Then, a formula (163) becomes like a degree type. 

w3= (EmV2) [Dltr{sin(omega at-phi)+sin(omega bt+phi)} -D2tr{cos(omega at-phi)-cos(omega bt+phi)}] exp (- 
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betalt') 

- (169) 

[0176] Next, Wl, W2, and W3 are defined as follows, respectively, and the following formulas are derived 
from a formula (161), a formula (162), and a formula (169). 

Wl=integralwldt=-(CcEm'2/4) cos2omegast = (CcEm'2/4) (l-2cos2omegast) - (173) 
W2=integralw2dt = (Em72) [-{Dlst/(2omegas)} cos2omegast -D2st{sin2omegast/(2omegas)-t}] 
= {EmV(4omegas)} - {(Dlst+2D2stomegast) 

- 2cosomegast(Dl stcosomegast+D 2stsinomegast)} 
--(174) 

W3=integralw3dt =(Em72) [{(-omegaaDl tr+beta lD2tr) cos (omega at-phi) 

- betalDltr+omegaaD2trsin(omega at-phi) }/(betal2+omegaa2) 
+ {-(omegabDl tr+beta lD2tr) cos (omega bt+phi) 

+ -betalDl tr+omega bD2trsin(omega bt+phi)} 
/(betal2+omegab2)] exp (-betalf) - (175) 

[0177] a workload Ws — above Wl and W2, and total of W3 — a part for "-- " -- per finally it is expressed 
with a degree type from being converted and obtained. 
Ws=(Wl+W2+W3) xl0-7x60/tp [a part for J/] - (176) 

The semantics which displays a cardiac work which was explained above in addition to the highest-blood- 
pressure value in an aortic root, a lowest-blood-pressure value, and the myocardium load characteristic WP is as 
follows. 

[0178] It also becomes possible to offer a useful index different from the highest-blood-pressure value of an 
aortic root, the minimum blood value value, or the myocardium load characteristic WP as an index showing the 
burden of the heart by calculating the cardiac work mentioned above based on the aortic pressure wave. Here, 
suppose that an example is given and explained below about the meaning by computing a cardiac work. 
[0179] The case where medicate a patient with a hypotensor and hypertension is treated now is considered. 
Usually, if medicine is effective, change appears in the highest-blood-pressure value and lowest-blood-pressure 
value which are measured in the radial-artery section, and medicinal effectiveness can be checked. However, 
even if it is the case where change is not looked at by a highest-blood-pressure value and the lowest-blood- 
pressure value, medicine is effective in fact and the load of the heart itself may be light. This is because the 
blood pressure in the radial-artery section does not necessarily need to fall that what is necessary is just to make 
the load of the heart small by somewhere in arterial systems as a role of a hypotensor. 
[0180] Thus, even if it is the case where a change remarkable in the blood-pressure value in the peripheral 
section of arterial systems, such as the radial-artery section, is not seen, it becomes possible to get to know the 
burden of the true heart by computing the cardiac work calculated from the blood-pressure wave of an aortic 
root. By the way, although change of such a burden of the heart can find out the blood-pressure wave of an 
aortic root by inquiring minutely, it can express a delicate wave-like change quantitatively by computing a 
cardiac work. 

[0181] Therefore, it becomes possible by displaying this not only in quest of a highest-blood-pressure value or a 
lowest-blood-pressure value but in quest of the myocardium load characteristic WP and a cardiac work to 
evaluate a hypotensor therapy still more finely. The result of having computed the cardiac work about the 1st 
mentioned above to drawing 22 - Fig. 2424 thru/or each pulse wave configuration of the 3rd type is shown. 
[0182] Although it faced computing the myocardium load characteristic WP in the 1st thru/or the 3rd operation 
gestalt beyond the 4th operation gestalt and was always based on aortic root blood pressure and the detected 
heart rate In the heart rate range by which the difference of peripheral section blood pressure and aortic root 
blood pressure can be disregarded, a **** 4 operation gestalt In the heart rate range which cannot replace with 
aortic root blood pressure and cannot disregard the difference of peripheral section blood pressure and aortic 
root blood pressure using peripheral section blood pressure, it is an operation gestalt for aiming at mitigation of 
data processing as a whole by using aortic root blood pressure. 

[0183] If a heart rate generally increases, it is known that the difference of aortic root blood pressure and 
peripheral section blood pressure will become large. Then, in the **** 4 operation gestalt, when it asked for the 
myocardium load characteristic WP using peripheral section blood pressure (highest blood pressure) and the 
detected heart rate when the fluctuation range of a heart rate is predetermined criteria heart rate fluctuation 
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within the limits, and the fluctuation range of a heart rate turned into more than the criteria heart rate fluctuation 
range, we decided to ask for a myocardium load characteristic using aortic root blood pressure (highest blood 
pressure) and the detected heart rate. 

[0184] More specifically, the heart rate fluctuation to the criteria heart rate which is a human heart rate (it has 
individual difference, of course) in a resting period is **10 [%] extent. It follows, for example, to the criteria 
heart rate of a resting period, actual heart rate fluctuation judges that it is possible for the difference of 
peripheral section blood pressure and aortic root blood pressure to be disregarded if it is under **10 [%], and 
computes the myocardium load characteristic WP by the degree type based on the peripheral section blood 
pressure Pperi and a heart rate HR. 

When it becomes more than **15 [%] as which WP=PperixHR one side and actual heart rate fluctuation 
considered the measurement error margin to the criteria heart rate of a resting period, it will judge that the 
difference of peripheral section blood pressure and aortic root blood pressure cannot be disregarded, and the 
myocardium load characteristic WP will be computed by the degree type based on the aortic root blood pressure 
Pcent and a heart rate HR. 

WP=PcentxHR — if actual heart rate fluctuation is under the predetermined range, since it will compute the 
myocardium load characteristic WP using peripheral section blood pressure to the criteria heart rate of a resting 
period by this according to the **** 4 operation gestalt, as compared with the case where a myocardium load 
characteristic is always computed using aortic root blood pressure, processing is simplified and it becomes 
possible to aim at improvement in processing speed. 

[0185] Moreover, if actual heart rate fluctuation is more than the predetermined range, since it will compute the 
myocardium load characteristic WP using the aortic root blood pressure computed based on the hemodynamics 
parameter to the criteria heart rate of a resting period, it becomes possible to compute a more exact myocardium 
load characteristic as compared with the case where the myocardium load characteristic WP is computed using 
peripheral section blood pressure. Thus, according to the **** 4 operation gestalt, in spite of being able to 
simplify processing as a whole, it becomes possible to compute the always exact myocardium load 
characteristic WP. 

[0186] In the 1st operation gestalt of the 5th operation gestalt above thru/or the 3rd operation gestalt, although 
considered as the configuration which always computes the myocardium load characteristic WP based on aortic 
root blood pressure and the detected heart rate to predetermined timing, when aortic root blood pressure is not 
considered to have changed not much, it is thought that it is not necessary to necessarily compute the 
myocardium load characteristic WP continuously. 

[0187] Then, a **** 5 operation gestalt is an operation gestalt for reducing the amount of data processing by 
holding and displaying the myocardium load characteristic WP for which it asked last time, without newly 
computing the myocardium load characteristic WP only when aortic root blood pressure is considered to have 
changed a lot, and computing the myocardium load characteristic WP when aortic root blood pressure is not 
considered to have changed not much. 

[0188] By the way, in order to compute aortic root blood pressure, in advance of it, a hemodynamics parameter 
needs to be computed. In this case, when the change (rate of change) to the hemodynamics parameter for which 
the last time (or before multiple times) of the hemodynamics parameter for which it asked this time was asked is 
small, it is thought that change (rate of change) which receives the aortic root blood pressure which will be 
obtained with the hemodynamics parameter for which the last time of the aortic root blood pressure which will 
be obtained with the hemodynamics parameter for which it asked this time was asked is also small. 
[0189] Then, in a **** 5 operation gestalt, the hemodynamics parameter for which it asked this time is 
compared with the hemodynamics parameter for which it asked last time, when the rate of change of each 
hemodynamics parameter is under criteria rate of change defined beforehand, calculation of aortic root blood 
pressure, as a result the myocardium load characteristic for which last time (or before multiple times) was 
asked, without computing the myocardium load characteristic WP are held, and a display is continued. 
[0190] Moreover, the hemodynamics parameter for which it asked this time is compared with the 
hemodynamics parameter for which it asked last time, and in being more than the criteria rate of change that the 
rate of change of each hemodynamics parameter defined beforehand, based on the hemodynamics parameter for 
which it asked this time, it computes the myocardium load characteristic WP in the calculation list of aortic root 
blood pressure. 
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[0191] The hemodynamics parameter for which it asked this time is more specifically compared with the 
hemodynamics parameter for which last time (or before multiple times) was asked, and when the rate of change 
of each hemodynamics parameter is more than **5 [%], the myocardium load characteristic WP based on 
calculation of aortic root blood pressure and this computed aortic root blood pressure is computed. 
[0192] On the other hand, when the rate of change of each hemodynamics parameter is under **5 [%], 
calculation of aortic root blood pressure and the myocardium load characteristic WP are not computed, but the 
myocardium load characteristic for which last time (or before multiple times) was asked is held, and a display is 
continued. Consequently, according to the **** 5 operation gestalt, it becomes unnecessary to perform an 
unnecessary operation, the amount of data processing is reduced, processing is simplified, and it becomes 
possible to aim at improvement in overall processing speed. 

[0193] Modification this invention of an operation gestalt is not limited to the operation gestalt mentioned 
above, and various deformation is possible for it as follows. For example, the gestalt which asks for a 
hemodynamics parameter is also considered, without measuring stroke volume SV. That is, according to this 
operation gestalt, it is based only on the wave of the radial-artery pulse wave measured from the test subject as 
making the inductance L of the hemodynamics parameters into a fixed value, and they are other hemodynamics 
Para. The value of meter is computed. If it does in this way, it will become possible to omit, as the stroke 
volume measuring instrument 2 needed in the configuration of drawing 1 is shown in drawing 15 . Therefore, 
the mode of the measurement in this operation gestalt has the unnecessary cuff band SI needed by drawing 2 , 
as shown in drawing 16 . 

[0194] By the way, if the value of an inductance L is fixed in this way, the precision of the hemodynamics 
parameter obtained will fall as compared with the approach using the surveyed stroke volume. Then, in order to 
compensate this point, as shown in drawing 17 , radial-artery wave (measurement wave) Wl obtained by 
measurement and radial-artery wave (count wave) W2 which were obtained by count are displayed on an output 
unit 6 in piles. And first, the value of an inductance L is set as the above-mentioned fixed value, count wave W2 
are calculated, this wave is displayed on an output unit 6, and extent of the coincidence of a wave with 
measurement wave Wl is seen. Next, a diagnostic person decides a suitable different value from the above- 
mentioned fixed value as an inductance L, and looks at extent of coincidence with measurement wave Wl on an 
output unit 6 in quest of count wave W2 again. And a diagnostic person decides some values of an inductance L 
suitably like the above, and count wave W2 are henceforth calculated about the value of each inductance L, and 
it compares each of count wave W2 with measurement wave Wl on an output unit 6. And one wave which is 
best [ in these count wave W2 / as measurement wave Wl ] in agreement is chosen, and the value of the 
inductance L at that time is determined as an optimum value. 

[0195] In addition, it is possible to use a trapezoidal wave instead of the triangular wave mentioned above as a 
model of the pressure wave form of an aortic root. If it does in this way, since it will become a near wave with 
an actual pressure wave form compared with the case where it approximates by the triangular wave, a still more 
exact hemodynamics parameter is computable. 

[0196] Moreover, the measurement part of a pulse wave or stroke volume may not be restricted to the location 
shown in drawing 2 R> 2 or drawing 16 , and may be what kind of part of a test subject's body. That is, 
although considered as the measurement mode which made a test subject's overarm section equip with the cuff 
band SI with the operation gestalt mentioned above, considering a test subject's convenience, it can be said that 
the gestalt which does not use a cuff band is desirable. 

[0197] The gestalt which measures the both sides of a radial-artery wave and stroke volume in a wrist as the 
example can be considered. As shown in drawing 18 , while equipping the belt 13 of a wrist watch 1 1 with the 
sensor 12 which consists of a sensor for blood pressure measurement, and a sensor for stroke volume 
measurement as this kind of an example of a configuration, the configuration in which components 10 other 
than sensor 12 were made to build in the body part of a wrist watch 1 1 among pulse wave analysis equipment 
can be considered. And as shown in drawing, the sensor 12 is attached in the belt 13 by the fixture 14 free 
[ sliding ], and a sensor 12 is pressed by the moderate pressure to the radial-artery section because a test subject 
inserts a wrist watch 11 in a wrist. 

[0198] Moreover, the gestalt which measures a pulse wave and stroke volume in a finger is also considered, and 
the example of a configuration of the equipment by this gestalt is shown in drawing 19 . As shown in this 
drawing, while attaching in the root of a finger (the example of this drawing index finger) the sensor 22 which 



http://www4.ipdI.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/19/2005 



JP,11-178802,A [DETAILED DESCRIPTION] 



Page 24 of 26 



consists of a sensor for blood pressure measurement, and a sensor for stroke volume measurement, components 
10 other than sensor 22 are made to build in a wrist watch 21 among pulse wave analysis equipment, and it has 
connected with the sensor 22 through lead wire 23 and 23. 

[0199] Furthermore, by combining these two measurement gestalten, while measuring stroke volume in the 
gestalt and finger which measure a pulse wave in a finger while measuring stroke volume in a wrist, it becomes 
possible to realize the gestalt which measures a radial-artery wave in a wrist. 

[0200] And a test subject does not need to roll up an arm by considering as these configurations [ like ] without 
a cuff band, and a test subject's burden is mitigated in measurement. On the other hand, the configuration shown 
in drawing 20 as a gestalt only using a cuff band can be considered. As shown in this drawing, it turns out the 
sensor 32 which consists of a sensor for blood pressure measurement, and a sensor for stroke volume 
measurement, and that it has simple composition even if it is making it fix to a test subject's overarm section 
and compares components 10 other than sensor 32 with drawing 2 with a cuff band among pulse wave analysis 
equipment. 

[0201] Moreover, in the above-mentioned operation gestalt, although [ in computing a hemodynamics 
parameter ] a pulse wave is used, it cannot be overemphasized that it is possible for it not to be limited to this 
and to use other living bodies' condition. Although considered as the configuration which computes a 
myocardium load characteristic in the above operation gestalt based on the aortic root blood pressure based on 
the computed hemodynamics parameter, and the detected heart rate If the estimate of a living body's aortic root 
blood pressure is computed based on the pattern of pulse wave of living body's peripheral section blood 
pressure or a living body's peripheral section, it is possible not to ask how of the calculation approach but to 
compute a myocardium load characteristic based on the estimate and the detected heart rate of aortic root blood 
pressure similarly. 

[0202] For example, it is also possible to constitute so that it may replace with the aortic root blood pressure 
computed based on the hemodynamics parameter, the estimate of a living body's aortic root blood pressure may 
be computed based on predetermined transfer functions for which it asked beforehand, such as GTF (Genelal 
Transfer Function), from the pattern of pulse wave of a living body's peripheral section and a myocardium load 
characteristic may be computed based on the estimate and the detected heart rate of this computed aortic root 
blood pressure. In this case, as a predetermined transfer function, not only a general transfer function applicable 
to everybody but the thing for which the transfer function which added amendment of a proper to the specific 
living body is used is possible. 

[0203] Since a myocardium load characteristic is computed based on the estimate and the detected heart rate of 
the aortic root blood pressure based on the computed hemodynamics parameter according to the effectiveness 
book operation gestalt of an operation gestalt, as compared with the case where a myocardium load 
characteristic is computed using peripheral section blood pressure, it becomes possible to compute the optimal 
myocardium load characteristic under more extensive conditions. 

[0204] Moreover, since a myocardium load characteristic is computed based on aortic root blood pressure and 
the detected heart rate when the rate of change of a heart rate is more than criteria heart rate rate of change, as 
compared with the configuration which always computes a myocardium load characteristic based on aortic root 
blood pressure and the detected heart rate, processing can be simplified more and improvement in the speed of 
processing can be attained. 

[0205] When the rate of change of a heart rate is furthermore under criteria heart rate rate of change, in spite of 
being able to obtain an exact myocardium load characteristic according to the configuration which computes a 
myocardium load characteristic based on peripheral section blood pressure and the detected heart rate, it 
becomes possible to simplify processing. Since a myocardium load characteristic does not perform data 
processing superfluously in the condition of seldom changing according to the configuration which computes a 
myocardium load characteristic based on aortic root blood pressure and the detected heart rate when it is more 
than the parameter criteria rate of change that the rate of change to the criteria hemodynamics parameter of the 
computed hemodynamics parameter set up beforehand further again, simplification of processing can be 
attained. 

[0206] Moreover, when the rate of change of a hemodynamics parameter is under criteria parameter rate of 
change, in spite of being able to obtain an exact myocardium load characteristic according to the configuration 
which computes a myocardium load characteristic based on peripheral section blood pressure and the detected 
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heart rate, it becomes possible to simplify processing. Furthermore based on the pattern of pulse wave of living 
body's peripheral section blood pressure or a living body's peripheral section, the estimate of a living body's 
aortic root blood pressure is computed, and a living body's heart rate is detected, and according to the 
configuration which computes a myocardium load characteristic based on the estimate and the detected heart 
rate of aortic root blood pressure, it becomes possible simple, accuracy, and to compute a myocardium load 
characteristic quickly. 

[0207] Based on the pattern of pulse wave and the predetermined transfer function of the peripheral section of a 
living body, the estimate of a living body's aortic root blood pressure is computed, and a living body's heart rate 
is detected further again, and according to the configuration which computes a myocardium load characteristic 
based on aortic root blood pressure and the detected heart rate, it becomes possible simple, accuracy, and to 
compute a myocardium load characteristic quickly. 
[0208] 

[Effect of the Invention] Since according to this invention it can face computing a hemodynamics parameter, an 
equipment configuration — an electrocardiograph becomes unnecessary by using the ventriclus-sinister 
pressurization time amount which computed between said outline ejection phases as initial value — can be 
simplified, it can depend reflecting a test subject's hemodynamics and an exact hemodynamics parameter can be 
computed, based on the obtained hemodynamics parameter, the estimate of a living body's aortic root blood 
pressure can be computed more correctly. 

[0209] Moreover, since the estimate of a living body's aortic root blood pressure is computed, a living body's 
heart rate is detected based on the pattern of pulse wave of living body's peripheral section blood pressure or a 
living body's peripheral section and a myocardium load characteristic is computed based on the estimate and the 
detected heart rate of aortic root blood pressure, it becomes possible simple, accuracy, and to compute a 
myocardium load characteristic quickly. 

[0210] Moreover, since the estimate of a living body's aortic root blood pressure is computed based on the 
pattern of pulse wave and the predetermined transfer function of the peripheral section of a living body, a living 
body's heart rate is detected and a myocardium load characteristic is computed based on aortic root blood 
pressure and the detected heart rate, it becomes possible simple, accuracy, and to compute a myocardium load 
characteristic quickly. 

[0211] Furthermore, since a myocardium load characteristic is computed based on the heart rate detected from 
the heart rate separately detected with aortic root blood pressure, an electrocardiogram, etc. based on the 
computed hemodynamics parameter, or the pattern of pulse wave, as compared with the case where a 
myocardium load characteristic is computed using peripheral section blood pressure, it becomes possible to 
compute the optimal myocardium load characteristic under more extensive conditions. 
[0212] Moreover, since a myocardium load characteristic calculation means computes a myocardium load 
characteristic based on aortic root blood pressure and the detected heart rate when the rate of change of a heart 
rate is more than criteria heart rate rate of change, as compared with the configuration which always computes a 
myocardium load characteristic based on aortic root blood pressure and the detected heart rate, it can simplify 
processing more and can attain improvement in the speed of processing. 

[0213] Since a myocardium load characteristic calculation means computes a myocardium load characteristic 
based on peripheral section blood pressure and the detected heart rate when the rate of change of a heart rate is 
under criteria heart rate rate of change, although it can obtain an exact myocardium load characteristic, it 
becomes possible [ simplifying processing ] further again. 

[0214] Moreover, since a myocardium load characteristic calculation means does not perform data processing 
superfluously in the condition that a myocardium load characteristic seldom changes since a myocardium load 
characteristic is computed based on aortic root blood pressure and the detected heart rate when it is more than 
the parameter criteria rate of change that the rate of change to the criteria hemodynamics parameter of the 
computed hemodynamics parameter set up beforehand, it can attain simplification of processing. 
[0215] Furthermore, since a myocardium load characteristic calculation means computes a myocardium load 
characteristic based on peripheral section blood pressure and the detected heart rate when the rate of change of a 
hemodynamics parameter is under criteria parameter rate of change, although it can obtain an exact 
myocardium load characteristic, it becomes possible [ simplifying processing ]. 
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